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NONPEGMATITIC BERYLLIUM OCCURRENCES IN ARIZONA, COLORADO, 
NEW MEXICO, UTAH, AND FOUR ADJACENT STATES 

by 

Henry C. Meeves ' 

ABSTRACT 

The nonpegmatitic sources of beryllium in Arizona, Colorado, New Mexico, 
Utah, and four adjacent s t a t e s  investigated by the Bureau of Mines are 
described. The investigations included 155 properties from which over 6,200 
rock samples were collected; more than 5,500 samples were analyzed by the 
nuclear beryllium-detection technique. Twenty-four of the properties examined 
had rock containing more than 0.10 percent BeO. Many of the beryllium deter- 
minations were made i n  the f i e l d  with portable detection instruments by d i rec t  
scanning oc uui.ii-op kji ..- LSDCIL16 -..;-.. D ~ Y ~ ~ A S ~  --- 1 - -  of rock brought to the instrument. 
The large domestic resources of low-grade n o n p e p t i t i c  beryllium ore i n  Utah, 
which were discovered by private enterprise and which respond favorably t o  
-11-scale treatment processes, may come into conrmercial use and thus reduce 
the dependence of the United States  on imported beryl. 

The l igh t ,  metall ic element, beryllium, was identified in  1838, !xt i t s  
biggest use, a s  a hardener of copper, did not develop un t i l  the 1930's. Uses 
for  beryllium allnyn; onnacially beryllium-cnnner, increased rapidly during 
World War 11. Shortly a f t e r  the war, beryllium at t racted appreciable in te res t  
a s  a moderator and re f lec tor  material for reactors. Since the l a t e  19501s, 
the focus has been on numerous potential  uses of beryllium in high-speed a i r -  
c r a f t ,  missiles,  and spacecraft. As a r e su l t  of these new applications for  
beryllium, the metal has undergone extensive research and development and some 
of the work is s t i l l  i n  progress. 

From 1954 t o  1962, the Government bought domestically produced beryl a t  
premium prices and under the Domestic Beryl Purchasing Program, although the 
purchase program ended i n  1962, the Office of Minerals Exploration (W) of 
the U.S. Department of the In te r ior  continues to  offer f inancial  assistance of 
up t o  50 percent of approved costs to  explore for  a l l  types of beryllium. 

IGeologist, Bureau of Mines, Mineral Resource Office, Area V ,  Denver, Colo. 

Work on manuscript completed June 1965. 



Beryllium, a t  present, i s  derived from hand-sorted beryl. In the United 
S ta tes ,  t h i s  mineral has occasionally been obtained alone but more frequently 
a s  a byproduct from the mining of feldspar, mica, and lithium. Elsewhere i n  
the world, beryl i s  obtained from pegmatite deposits comparatively rich i n  
t h i s  mineral. These foreign deposits can be worked profitably because the 
cost  of the hand labor required by current mining practice i s  low. The grow- 
ing in te res t  and demand for  beryllium and the dependency of the U. S. beryl- 
lium industry on imported beryl inspired various agencies of the Government 
and many private organizations to  investigate the domestic beryllium potential. 
Because the potential of domestic pegmatite deposits i s  limited, at tention 
turned t o  investigating the poss ib i l i t i es  of beryllium in nonpegmatite 
deposits. 

Occurrences of beryllium i n  nonpegmatitic rocks have been known for many 
years, but none were considered minable resources un t i l  recently when several 
promising new deposits of beryllium were discovered. For a period, the Badger 
P la t s  a rea ,  Park County, Colo., yielded commercial-grade beryl, but recently 
output has been low-grade material. Some nonpegmatitic beryllium deposits i n  
Utah, New Mexico, and Nevada a r e  low grade but extensive and could be mined by 
large scale methods. With development of economic processing, some of these 
large,  low-grade deposits could become a significant domestic reserve and con- 
ceivably make the Nation independent of imported beryl. 

The Bureau of Mines turned t o  investigating nonpegmatitic beryllium 
deposits i n  1959 a s  par t  of a nationwide study of overall  beryllium resources 
that  began i n  1956. The f i r s t  work was mostly confined to  areas of granit ic 
rocks and t a c t i t e  zones, especially those containing tungsten. Later studies 
by the Government and by private investigators shared tha t  beryllium also 
occurred i n  other mineral and structural  associations; these include-- 

A. Areas of volcanic extrusives containing f luo r i t e ,  as  a t  Spor Mountain, 
Utah. 

B. Deposits containing both manganese and zinc, a s  a t  IronMountain and 
Victoria Kountains, N. Mex., and the Mineral Range, Utah. 

C. Deposits occurring along zones of intensive faul t ing and al terat ion,  
a s  a t  Warn Springs, N. Mex., .and Gold H i l l ,  Utah. 

Nonpeguetitic deposits of beryllium examined during the Bureau's work i n  
Arizona, Colorado, New Mexico, and Utah are  described i n  th i s  publication. 
Reconnaissance i n  Nebraska, North Dakota, South Dakota, and Wyoming did not 
disclose significant occurrences. 

U.S. Geological Survey Professional Paper 318 ( g ) a  was used to familiar- 
ize  Bureau personnel with known nonpegmatitic beryllium-bearing occurrences 

=Underlined numbers i n  parentheses re fe r  to items l i s t ed  i n  the Bibliography 
of t h i s  report. 



and with rock formations that  might have a beryllium potential. I n  addit ion,  
many prospectors, claim owners, mining engineers, and geologists a lso provided 
information on potential  beryllium sources and suggested properties tha t  might 
merit sampling. W .  R. Gr i f f i t s ,  W.  N. Sharp, and C. C .  Hawley, geologists, 
Federal Geological Survey, supplied valuable information the geology of beryl- 
l i u m  deposits. The assistance of W. W.  Vaughn, Federal Geological Survey, and 
D r .  3. M. Birmingham, Boulder Sc ien t i f ic  Co., Boulder, Colo., i n  training 
Bureau personnel i n  radiation safety and the use of nuclear beryllium 
detectors i s  acknowledged. 

METHOE USED FOR ,DETECTING BERYLLIUM 

Promising samples of rock which were collected by Bureau engineers i n  
Area V pr ior  t o  1959 were tested i n  the Denver laboratory by one (28) of four 
qua l i ta t ive  spot- tes t  methods (2, 20, 33). Samples which contained beryllium 
were sent t o  the Bureau's Sa l t  Lake City Metallurgy Research Center for  chemi- 
c a l  analysis. Samples which showed no beryllium by the spot t e s t s  were com- 
bined into  groups of 10 or more and sent to  Sal t  Lake City for checking beryl- 
lium by chemical analysis, as  some of the samples contained minute quanti t ies 
of beryllium and required more sensit ive methods to  detect the element. Approx- 
imately,one of w e r y  four samples was a l so  tested by spectrographic analysis 
a t  Sa l t  Lake City f o r  cesium, rubidium, columbium, lithium, scandium, or other 
possible associated metals. Later, when nuclear detection devices became 
avai lable ,  samples were analyzed i n  the f i e l d  and those which contained sig- 
nif icant  beryllium were rechecked i n  Denver with laboratory nuclear detection 
equipment. Some of these samples were sent to Sal t  Lake City for  spectro- 
graphic analysis  and t o  check Denver resu l t s .  Many beryllium determinations 
were made by scanning outcrops direct ly  without actually taking a sample 
( f i g .  1). 

Approximately 6,200 samples were tes ted during 1956-63, of which nearly 
5,500 samples were tes ted  between July 1959 and October 1963. 

NUCLEAR BERYLLIM DETECTION 

Principles 

The technique of nuclear beryllium detection i s  based on the gamna- 
neutron (,,, n) react ion in  which the natural  beryllium isotope, Be9, emits 
f a s t  neutrons when bombarded by high-energy gamu!a radiation. The neutron f lux  
produced can be detected electronically.  The g a m  radiation is supplied by 
antimony 124 (Sblaa), an a r t i f i c i a l  radioisotope produced i n  an atomic pile.  

The usefulness of the (y, n) reaction i n  determining beryllium stems from 
ce r t a in  charac te r i s t ics  of the reaction: 

a. The react ion can be induced i n  any mineral, chemical, or  other 
material containing beryllium. 

b. The react ion is, for a l l  pract ical  purposes, specific for-beryll ium 
even though some of the g a m  radiation from Sbla+ has an energy level of 2.3 



FIGURE 1. - Scanning Beryllium-Bearing Stringers (White) in Alder Schist With Portable 
Beryllium Detector, Breadpan Area, Gila County, Ariz. 

m i l l i o n  e l e c t r o n  v o l t s  (mev), which w i l l  induce neutron f l u x  i n  deuterium. 
However, deuterium i s  not  l i k e l y  t o  be encountered i n  beryllium explorat ion.  
A f e w  elements,  inc luding  boron, cadmium, samarium, and gadolinium, have a 
h igh  c r o s s  sec t ion  f o r  thermal neutrons and, i f  present  i n  a sample under 
t e s t ,  may capture  some of the  neutron f lux .  Resul t s  obtained i n  t h i s  case  
would tend t o  be low. However, these elements a r e  not l i k e l y  t o  be present  i n  
bery l l ium o res  i n  s u f f i c i e n t  concentrat ion t o  be a ser ious  i n t e r f e r i n g  f a c t o r .  

c .  The induced neutron f l u x  can be used t o  measure the beryllium i n  a 
sample when condi t ions  a r e  cons tant ;  the  f l u x  is  proport ional  t o  the  beryl l ium 
con ten t .  Ana ly t i ca l  r e s u l t s  a r e  a r r i v e d  a t  by comparing the measured neutron 
f l u x  from unknowns wi th  t h a t  i n  s tandard samples of known beryllium content .  

Design of Instruments 

A nuclear  beryl l ium detec t ion  instrument i s  a combination of s tandard 
e l e c t r o n i c  components, s e n s i t i v e  t o  the  neutron f l u x  from the  ( y ,  n) r e a c t i o n  



i n  beryllium, that w i l l  convert the f lux  to  e l e c t r i c a l  impulses, then amplify 
and record the converted signal a s  a se r ies  of pulses, or  counts. The accumu- 
la ted count is a measure of the beryllium content of samples under t e s t .  It 
i s  also a function of source strength, geometryof sample exposure, and e f f i -  
ciency of instruments a s  well. Obviously, a l l  factors  affect ing measurement 
of neutron flux, other than beryllium content of the samples under t e s t ,  
should be maintained a t  a constant level so that  the observed count w i l l  be 
representative only of sample content and not of another variable.  

The essent ia l  parts of the beryllium detection devices used i n  Bureau of 
Mines work are-- 

a .  A source of high energy g a m  radiation (above 1.6 mev).  

b. A detection uni t  t o  produce and amplify e l ec t r i ca l  impulses from 
neutron flux. 

c. A reg is te r  t o  record the impulses fed t o  it from a detector. 

d. A power source for the instrument. 

e .  A housing design to combine source, detector, and counting device i n  
a safe ,  workable ensemble. 

Ar.tk-r .7  1124 produces gamoa radiation having the necessary high energy 
for  the (Y, n) reaction.  For use i n  beryllium detecting instruments, Sb124 i s  
normally furnished i n  sealed capsules about one-half inch long and one-fourth 
inch i n  diameter with an i n i t i a l  ac t iv i ty  of 50 to  100 mil l icur ies  (mc). 
Acquisition and use of Sbla+ is subject t o  licensing by the Atomic Energy Com- 
mission (AEC). The encapsulated sources are  shipped by the vendor in  lead 
containers, or cas t les ,  conforming t o  In te rs ta te  Conmerce Commission (ICC) 
specifications.  A capsule for  a portable instrument i s  secured to  a lead 
source ca r r i e r ,  and remains attached tn it A i L e  ir. The possession of the 
user. The capsule and ca r r i e r  a r e  attached to  the detecting instrument for  
actual  use and stored i n  the shipping container a t  a l l  other times. A source 
for  a laboratory instrument i s  transferred by licensed personnel from the 
shipping container t o  a source car r ie r  bu i l t  into the instrument, where it 
remains u n t i l  depleted. Depleted sources a r e  returned t o  the vendor, a l so  i n  
a shipping container. 

Antimony 124 has a half l i f e  of 60 'days; that  i s ,  the radioactivity 
declines by one-half every 60 days. A t  the end of wo half l ives  (120 days), 
a c t i v i t y  w i l l  have declined t o  a quarter of the original  level ,  and the source 
must be replaced i f  high sens i t iv i ty  is to  be maintained t o  t e s t  low-grade 
samples. 

The detection uni t  usually has several components housed i n  an aluminum 
case : 

a.  A lead shield  that  reduces d i rec t  g a m  radiation from the source but 
allows neutron f lux t o  pass freely. The shield i n  a portable instrument ' is  an 
integral  par t  of the source car r ie r  ra ther  than the detector unit .  



b. A moderator t o  slow the f a s t  neutrons emit ted by the  (y ,  n) r e a c t i o n  
because de tec to r s  a r e  much more s e n s i t i v e  t o  slow (thermal) neutrons. A com- 
pound containing hydrocarbons, p a r a f f i n  f o r  example, i s  a n  ~ x c e l l e n t  moderator 
f o r  f a s t  neutrons. 

c. Severa l  types of neutron-sensi t ive de tec tors  a r e  ava i lab le .  One type  
i s  a boron-enriched z inc  sulfide-phosphor t h a t  emits  l i g h t  f l a shes  ( s c i n t i l l a -  
t i o n s )  i n  proport ion t o  the  neutron f l u x  received;  the phosphor d i sc  i s  o p t i -  
c a l l y  coupled t o  a l i gh t - sens i t i ve  photomultiplier tube t h a t  ampl i f ies  t h e  
signal received. Another de tec tor  i n  use i s  a boron t r i f l u o r i d e  tube,  a type 
of Geiger tube,  that produces an amplif ied s ignal  proportional t o  neutron f l u x  
received.  This de t ec to r  has some advantages a s  it is more s e l e c t i v e  t o  neu- 
t r o n  f l u x  than s c i n t i l l a t i o n  phosphors. 

d. An e l e c t r o n i c  b ias ing  o r  d iscr iminat ing  c i r c u i t .  Detectors a r e  sen- 
s i t i v e  t o  cosmic and ganrma r a d i a t i o n  a s  well  a s  t o  neutron f l u x ,  and a l l  of 
t h e  ganmra r a d i a t i o n  cannot be c u t  out  by shielding. However, gamma r ays  pro- 
duce e l e c t r i c a l  impulses of  lower va lue  (pulse  he ight )  than do neutrons o r  
cosmic rays .  By proper b i a s ing  or  adjustment of a discr iminator  c i r c u i t ,  t h e  
lower energy gamna pulses  en te r ing  a de tec to r  can be prevented from r e g i s t e r -  
i n g  i n  a counting mechanism. Cosmic rays  and neutron f l u x  w i l l  r e g i s t e r  
t oge the r ,  and the background, a s  measured i n  a separa te  cosmic background 
determinat ion,  can be deducted from the  r eg i s t e red  count t o  a r r i v e  a t  a r ep re -  
s e n t a t i v e  neutron count. Cosmic background i s  p r a c t i c a l l y  el iminated when a n  
instrument i s  used underground. 

e .  A counting r e g i s t e r .  This can be a s tandard laboratory s c a l e r ,  r a t e  
meter ,  o r  some o ther  counting device t r iggered  by e l e c t r i c  impulses fed t o  it 
from a de tec tor .  A smll solenoid-actuated counter is~employed i n  por tab le  
instruments.  

f .  A power source. The power source i n  laboratory devices is usual ly  
s tandzrd 115-vo1t AC snpplied through a vol tage  r egu la to r  f o r  s t a b i l i t y .  I n  
po r t ab le  instruments ,  radio-type d ry  c e l l s  o r  mercury b a t t e r i e s  a r e  used. The 
l a t t e r  a r e  preferable  because t h e i r  v o l t a p  o u t p ~ t t  i s  more s t a b l e  during w e -  
f u l  b a t t e r y  l i f e .  

The physical design of beryllimn de tec to r s  provides a n  arrangement f o r  
combining source, de t ec to r ,  and counting device i n  a convenient assembly. I n  
a labora tory  instrument,  the  components remain assembled. I n  a portable 
instrument ,  the  u n i t s  a r e  disassembled f o r  s torage and t ranspor ta t ion .  I n  
por tab le  instruments,  the  source i s  placed between the  sample and the d e t e c t o r .  
I n  labora tory  instruments ,  the sample i s  usual ly between the  source and t h e  
d e t e c t o r .  

The ( y ,  n) r e a c t i o n  has a s h o r t  range and the  garrma source must be 
brought wi th in  2 inches of the sample, preferably c lose r .  The r e a c t i o n  w i l l  
t ake  place i n  beryllium-bearing ma te r i a l  2 inches o r  l e s s  below a rock su r face  
t o  which the  source is applied.  I n  scanning rock exposures d i r e c t l y  with a 
po r t ab le  instrument,  many indiv idual  readings must be taken i n  order  t o  
examine a rock surface i n  d e t a i l .  



The neutron f lux produced i n  the (y ,  n) reaction i s  emitted i n  every 
direction,  but less  than one half  of the t o t a l  flux i s  captured by the detec- 
tor  i n  Bureau of Mines instruments. In a laboratory instrument, the geometry 
of exposure could be improved by surrounding the source with the sample and 
placing both source and sample within a r ing  of boron t r i f luor ide  detecting 
tubes. 

Interpretation of Nuclear Measurements 

The (Y, n) reaction i s  a random event, as  i s  cosmic radiation. It fol-  
lows tha t  measurements of such events must be interpreted s t a t i s t i c a l l y  for  
meaningful r e su l t s ;  therefore, a large accumulation of neutron count is neces- 
sary for  s t a t i s t i c a l  accuracy. Count accumulation can be improved in several 
ways because neutron flux is a function of source strength, geometry of sample 
exposure, detector efficiency, time, a s  well as  beryllium content. Use of a 
stronger Sb'a4 source w i l l  increase the counting r a t e ,  but there i s  a pract i -  
c a l  l imit  t o  source strength for  safety  reasons. Geometry of exposure can be 
improved i n  a laboratory instrument but not i n  a portable instrument. Some 
increase i n  detector efficiency is achieved by using a boron t r i f luor ide  
Geiger tube. The easies t  way t o  improve count accumulation i s  to  increase the 
time for  each determination. 

Inasmuch a s  progressively longer counting periods are  necessary t o  pro- 
vide s t a t i s t i c a l l y  val id  counts a s  grade of sample decreases, the time require- * 
ment for  high accuracy on low-grade samples may be impractical. Moreover, it 
may be impossible t o  standardize t e s t  conditions in  the f i e l d  t o  obtain high 
accuracy i n  tes t ing regardless of grade level. Test procedures must be 
adjusted with the required and/or a t ta inable  degree of accuracy i n  mind. 

Operating Procedures for  Beryllium Detectors 

Owing t o  the natural decline i n  Sb124 radiation level,  daily instrument 
ca l ib ra t ion  i s  mandatory, both i n  the laboratory and the f i e ld .  Cosmic back- 
ground var ies  and must be redetermined a t  intervals.  

Laboratory operating procedures for nuclear beryllium detectors a r e  essen- 
t i a l l y  the same a s  the standard routines applicable t o  radiation measurement 
instruments. 

The portable instrument is used i n  two ways i n  the f i e ld .  Sometimes rock 
outcrops, overburden, or dumps are  scanned direct ly  by placing the instrument 
on the material t o  be tested a t  predetermined intervals  or a t  points chosen 
because of v i s ib l e  signs of mineralization. A t  other times, part icularly when 
s t a r t i ng  work i n  a new area,  rock specimens and sacked samples of bedrock 
material ,  overburden, and dumps a re  brought to  the instrument a t  a cen t ra l  
location. 

Variable conditions i n  sample exposure, and consequently i n  accuracy of 
determinations, are  inevitable i n  fieldwork owing to  the usually e r r a t i c  dis-  
t r ibu t ion  of beryllium minerals i n  nonuniform outcrops and other sampled 
material. For these reasons f i e ld  evaluations a r e  never precise. 



Minera l i za t i on  can be overlooked when the  beryl l ium i s  contained i n  d i s c r e t e  
mine ra l s  t h a t  a r e  spa r se ly  d i s t r i b u t e d  i n  exposed rock  sur faces .  However, 
m ine ra l i za t i on  of conrmercial o r  near-commercial grade is  not l i k e l y  t o  be 
overlooked. I n  t he  Bureau of Mines i n v e s t i g a t i o n s ,  m a t e r i a l  t h a t  gave even 
s l i g h t  evidence of beryl l ium mine r l i za t i on ,  e i t h e r  by appearance o r  by the 
d e t e c t o r ,  was submitted t o  t he  labora tory .  

Radiat ion Safe ty  

Operating r o u t i n e s  i n  nuc lear  beryl l ium de t ec t i on  must be s e t  up i n  
accordance wi th  s a f e t y  requirements.  However, s a f e  condi t ions  a r e  not  d i f f i -  
c u l t  t o  maintain i f  common sense precaut ions a r e  taken. I n  the  labora tory ,  
l e a d  b r i c k s  can provide e x t r a  sh i e ld ing  around the instrument i f  monitoring of 
f a c i l i t i e s  i nd i ca t e s  t h a t  o ther  p ro t ec t i on ,  i n  a d d i t i o n  t o  t he  s h i e l d i n g  b u i l t  
i n t o  t he  instruments ,  i s  necessary. Access t o  l a b o r a t o r i e s  should be 
r e s t r i c t e d .  Vehicles  t r anspo r t i ng  instruments  must be posted w i th  r a d i a t i o n  
c a u t i o n  s igns ,  and unattended v e h i c l e s  must be locked. F i e l d  personnel  must 
r e s p e c t  t he  hazard presented by the  source,  which i s  p a r t i a l l y  exposed when i n  

FIGURE 2. - Laboratory Beryll ium Detector 



a c t u a l  use.  Personnel ,  i n  both l abo ra to ry  and f i e l d ,  should wear f i l m  badges 
and/or  dosimeters  t o  monitor exposure t o  i on i z ing  r a d i a t i o n .  

Equipment Used by Bureau of Mines 

A nuc lear  bery l l ium-de tec t ing  inst rument ,  designed by s c i e n t i s t s  of t h e  
Federa l  Geological  Survey (39), was acqui red  i n  March 1960, and used f o r  l ab-  
o r a to ry  work i n  t h e  Bureau of Mines Mineral  Resource Off i c e ,  Denver, Colo. 
( f i g .  2 ) .  A commercially b u i l t  po r t ab l e  instrument f o r  f i e l d  use  was ob t a ined  
i n  A p r i l  1960, and a  second po r t ab l e  u n i t  i n  October 1961. 

The l abo ra to ry  inst rument  used a  100-mc sb l24  gamma source and a  
s c i n t i l l a t i o n - t y p e  d e t e c t o r  wi th  photomult ipl ier- tube a m p l i f i e r ,  a s  d id  one of  
t h e  po r t ab l e  ins t ruments  w i th ,  however, a n  80-mc source.  The o the r  p o r t a b l e  
ins t rument  used two boron t r i f l u o r i d e  Geiger tubes  a s  a  de t ec to r - amp l i f i e r  and 
a 50-mc source.  

FIGURE 3. - Arrangement of Bery l l ium Detector and Other Equipment in  a Four-Wheel- 
Dr i ve  Vehicle. 
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A four-wheel-drive s t a t i o n  wagon ( f i g s .  3, 4) was used t o  t r anspor t  per-  
sonnel,  a portable de tec t ion  instrument,  a leadl ined c a r r i e r  f o r  s t o r i n g  t h e  
rad io iso tope  (Sb124) used i n  the de tec t ing  reac t ion ,  and o ther  accessory equip- 
ment. The veh ic l e  a l s o  served as a s torage  f a c i l i t y ,  thus meeting r a d i a t i o n  
s a f e t y  s tandards f o r  protect ing the  public  during s tops  i n  towns and t r a v e l  
over  publ ic  thoroughfares.  The r e a r  compartment of the veh ic l e  was f i t t e d  
wi th  a p a l l e t  cons i s t ing  of two l aye r s  of 3/4-inch plywood bol ted  together .  
Cutouts i n  the top piece of plywood, shaped to  receive the bases of the major 
p ieces  of  equipment, formed recesses  i n  which equipment items were secured by 
lash ing  wi th  l i g h t  chains a t tached  t o  eyebolts  in the  p a l l e t  and t ightened by 
turnbuckles.  Cutouts were provided f o r  a de tec t ion  instrument,  f o r  a t o o l k i t ,  
f o r  the  isotope c a r r i e r ,  and f o r  s i x  standard 2- by 4- by 8-inch lead blocks 
placed inmediately behind the r e a r  s ea t .  This add i t iona l  sh ie ld ing  gave 
increased p ro tec t ion  t o  personnel during t r ave l  by fu r the r  reducing the Low 
l e v e l  of ioniz ing  gamma rad ia t ion  that escaped the  isotope c a r r i e r .  

Samples, o ther  f i e l d  equipment, and supplies  were stowed wi th in  t h e  
v e h i c l e  o r  secured t o  a rack  on the  roof .  A sec t ion  of 4-inch stovepipe was 
mounted under the  roof a t  the r i g h t  s ide  t o  hold the  dismantled car ry ing  pole 
and one on the  l e f t  s ide  f o r  l a rge  maps. Auxiliary a i r  spr ings  were i n s t a l l e d  
on the  r e a r  a x l e  of the  vehic le  t o  support the weight of equipment, inc luding  
t h e  150 pounds of add i t iona l  lead sh ie ld ing  and t h e  maximum sample load 
gathered during each f i e l d  t r i p .  

During a c t u a l  f i e l d  operat ion,  the detector  had t o  be t ranspor ted  so a s  
t o  avoid exposing personnel t o  r a d i a t i o n  from the  source, which cannot be com- 
p l e t e l y  shielded i n  a f i e l d  instrument. Two men were necessary. Several  
models of l i g h t  s tee l - tubing  frames were improvised f o r  c a r r i e r s ,  t o  which a n  
instrument was secured a t  a dis tance of a t  l e a s t  3 f e e t  from the  men s t a t i o n e d  
a t  e i t h e r  end of t h e  c a r r i e r .  The l i g h t  frames were too limber,  and heavier  
tubing added too much weight fo r  a cont inuing operation. Eventually,  a s i n g l e  
two-piece pole wi th  the instruments secured a t  the  center  point  proved t o  be 
t h e  most f e a s i b l e  car ry ing  arrangement. Two types were used ( f i g s .  1, 5). 

NONPEWTITIC BERYLLIIM MINERAIS 

Some beryllium-bearing minerals known t o  be present i n  n o n p e p t i t i c  
rocks a r e  l i s t e d  i n  t a b l e  1. 

Although be ry l  has  been the so le  conrnercial source of beryllium h i s t o r i -  
c a l l y ,  b e r t r a n d i t e ,  phenacite,  h e l v i t e ,  and eudidymite a r e  po ten t i a l  source 
minerals  t h a t  may assume economic importance. 

NEW EES AND PRODUCTION OF BERYLLILPl 

Some outstanding new uses of beryllium have been developed f o r  the  space 
program. A beryl l ium heat sh i e ld  was used on Friendship 7 ;  beryllium sh ing le s  
on Aurora 7 ;  and beryllium antennae on Sigma 7 ,  Te le s t a r  s e r i e s ,  L o f t i ,  and  
Traac. Designs developed i n  the  Gemini program and Saturn rockets  included 
t h e  use of beryllium. Recent research suggests beryllium a s  a f u e l  f o r  i n t e r -  
space veh ic l e s  and use of beryllium-aluminum a l l o y  a s  s t r u c t u r a l  components i n  
a i r c r a f t  and space vehic les .  



TABLE 1. - P a r t i a l  l i s t  of  beryllium-bearing minerals  i d e n t i f i e d  
i n  ana lyses  of n o n p e m t i t i c  rocks1 

Mineral I Chemical composition I BeO, percent  

I 

1Source: (40, pp. 10-15). 
aBeryllium is a n  impurity when present  i n  these  minerals.  
3Beryllium v a r i e t y  ( a l v i t e )  very r a re .  

B e r t r a n d i t e . . . . . . . . . . . . . . . . . . . . .  

Beryl........................... 

Bromellite...................... 

Chrysoberyl... .................. 
Danalite........................ 

Euclase......................... 

.................... Eudidymite.. 

Helv i te .  ........................ 
Phenacite....................... 

Swedenborgite..... .............. 
Trimerite....................... 
Allani te . .  ...................... 
Clinohumite.. ................... 
Garnet.......................... 

Idocrase ( v e s w i a n i t e ) .  ......... 
Zircon.......................... 

Table 2 shows the s a l i e n t  s t a t i s t i c s  of beryllium i n  the  period 1960-63. 
The 1960-62 domestic production of low-grade ore  came l a r g e l y  from t h e  Boomer 
and Redskin depos i t s ,  Park County, Colo. 

Be,S%O,(OH) .................... 39.6-42.6 

Be,Ala(SiO,), .................. 
Bee............................ 
BeA1,O ......................... 
Fe4Be3Si301a.S ................. 
BeAlSiO,(OH) ................... 
HNaBeSi,O $..................... 
Mn4Be3Si3012.S ................. 
BeaSiO, ........................ 
NaBe,SbO, ...................... 
Be3MnaCa(Si04) ,................ 
(Ca,Ce)a0.FeaOH.A1.(Al,Si3)Og.. 

Mg, [M~(F,oH)], ................. 
Ca,(Al,Fe)2Si30 

Ca19 (A1 ,Mg)13SilB (O,OH,F),, .... 
ZrSiO, .........................,a 

1963......... 1 1 I i 4  j 1 7 5 0  1 i 4  j 16;243 1 24 1 ;:934 
lBureau of Mines Minerals  Yearbooks. 1960-63. 

10.0-14.0 

100.0 

16.9-19.7 

12.7-13.8 

16.9 

10.6-11.1 

10.5-15.0 

44.0-45.6 

35.3 

17.1 
25.5 

31.7 

2.2 

24.0 

3 X . 3  

TABLE 2. - S a l i e n t  s t a t i s t i c s  of beryl l ium, 1960-631 

aCobbed be ry l  containing approximately 11 percent bery l l ium oxide (BeO). 
30 re  contained an est imated 3.1 percent BeO. 
4Figure withheld t o  avoid d isc los ing  individual  company c o n f i d e n t i a l  data. 

Year 

1960......... 
1961 ......... 
1962......... 

Domestic ore U.S. con- 
sumption 

s h o r t  
tons2 
9,692 
9,392 
7 -758 

Cobbed bery l  Imported ore  , 

Short  
tonsa 

244 
317 
218 

Low-grade ore 
Shor t  
tonsa 
8,943 
8,516 
8.552 

Pr ice  per 
u n i t  Be0 

$45 
(4)  
(4 

Short 
tons3 

265 
805 
7 60 

Pr ice  per 
u n i t  Be0 

$29 
30 
31 

Pr ice  per 
u n i t  Be0 

$31 
(4 
( 4 )  



FIGURE 5. - Method of Carrying a Portable Beryl l ium Detector, Spor Mountain Area, Juab 
County, Utah. 

WORK BY THE BUREAU OF MINES 

A t o t a l  of 155 proper t ies  were examined, during which over 5,500 samples 
were t e s t e d  f o r  beryl l ium content  by nuclear  de tec t ion  methods, Of these ,  
nea r ly  3,500 requi red  f u r t h e r  checking by laboratory a n a l y s i s .  Fieldwork con- 
s i s t e d  of examining outcrops and mine workings t o  e s t a b l i s h  s t r u c t u r a l  r e l a -  
t i o n s h i p s  and rock types. Rock exposures and mine dumps were scanned wi th  a 
po r t ab le  de t ec to r  and, when readings exceeded background, chipped samples were 
taken  f o r  checking. Sometimes it was necessary t o  run Brunton surveys t o  
e s t a b l i s h  the  s t r u c t u r a l  r e l a t i o n s h i p  of separa te  rock exposures when mine 
maps were not  a v a i l a b l e .  

Ore depos i t s  i n  the  Badger F l a t s  a rea  near Lake George, Park County, 
Colo., were s tud ied  qu i t e  in tense ly  a s  these  depos i t s  were the  f i r s t  cornmer- 
c i a 1  source of nonpegmatitic beryllium ore. Sampling and i n v e s t i g a t i n g  t h e  
outcrops and mine workings i n  the Badger F l a t s  a rea  were undertaken t o  l e a r n  
more about  t h e  ex ten t  of the  ore bodies and e s t a b l i s h  c r i t e r i a  on beryl l ium 



enrichment t h a t  might be useful  i n  studying these deposi ts  and s imi l a r  
depos i t s  elsewhere. 

BURE4U OF MINES BENEFICTATION STUDIFS 

The Bureau has  done extensive research on benef ic ia t ing  nonpegmatitic 
beryl l ium ores  from I ron  Mountain, N. Mex. (26); Lake George a r e a ,  Colo. (23); 
and Spor Mountain, Utah (=a, 5-18, 32). Generally most of t h e  contained 
beryl l ium can be recovered from these  low-grade ores  by f l o t a t i o n ,  so lvent  
e x t r a c t i o n ,  and a c i d  leaching o r  by a combination of these methods, but  c o s t s  
might be too high t o  compete comwrcia l ly  with imported beryl .  

SIGNIFICANT OCCURRENCES 

The 155 proper t ies  examined a r e  l i s t e d  by S ta t e  and county i n  appendix A.  
Of these ,  24 a r e  considered t o  have s ign i f i can t  amounts of ma te r i a l  t h a t  con- 
t a i n  more than 0.10 percent Be0 and possibly several  could be exp lo i t ed  eco- 
nomically with a moderate increase i n  demand, e spec ia l ly  under n a t i o n a l  
emergency condit ions.  

Arizona 

A l l  p roper t ies  examined i n  Arizona f o r  beryllium a r e  shown on f i g u r e  6. 

Beryl H i l l  Prospect 

The Beryl H i l l  c la im ( f ig .  6 ,  loc. 2) i s  one of seven claims loca ted  on 
t h e  e a s t e r n  slope of the  Dos Cabezas Mountains, a north-trending range t h a t  
r i s e s  abrupt ly  out  of the  dese r t  7 . 4  miles south of Bowie and three- fourths of 
a mi le  west of the Apache Pass Road. The mineralized exposures, a t  a n  a l t i -  
tude of 4,800 f e e t ,  a r e  on the s t eep  western s lope of a r idge  800 f e e t  above 
t h e  dese r t  f l o o r .  This  a rea  could not be reached by four-wheel-drive vehic le .  

The property covers an outcrop of Precambrian b i o t i t e  gneiss  (h) enclosed 
L. Y J  - grani te .  An opencut 22 f e e t  long, 4 Eeet. wide, and ii f e e t  

deep i n  gneiss  exposed two in t e r sec t ing  g r a n i t i c  dikes. The l a r g e r  d ike ,  3 
f e e t  wide, s t r i k e s  S 23' E and dips almost v e r t i c a l l y .  The c ross  d ike ,  11 
inches wide, s t r i k e s  S S O W  and dips 55' W ,  roughly p a r a l l e l  t o  the  f o l i a t i o n  
of t h e  gneiss .  The g r a n i t i c  f i l l i n g  of the  v e r t i c a l  dike conta ins  a 3- t o  
8-inch beryl-bearing quartz  core. Small beryl  c r y s t a l s ,  present  wherever 
core  contacted t h e  enclosing g r a n i t i c  dike mater ia l ,  a r e  elongated i n  the  
plane of the  contac ts .  Beryl c r y s t a l s  a l s o  occur along con tac t s  of d ikes  wi th  
g n e i s s i c  wa l l  rock, o r i en ted  perpendicular t o  the plane of these  con tac t s .  
Very l i t t l e  beryl was obsenred i n  the  l a rge r  dike away from the con tac t s  or  
i n  t h e  core. The gneiss  had no de tec table  beryl. Sparse bery l  is  present  a s  
a f i l l i n g  i n  minute f r a c t u r e s  i n  t h e  c r o s s  dike. Another v e r t i c a l  dike out- 
c rop ,  i n  l i n e  with the  v e r t i c a l  dike i n  the  opencut a s  pro jec ted ,  i s  exposed 
by a t rench 17 f e e t  long, 4 f e e t  wide, and 2 f e e t  deep. This  dike is  45 f e e t  
southwest of the opencut and contains no quartz core o r  v i s i b l e  bery l ,  but  
scanning wi th  a por tab le  beryllium detec tor  indicated t h e  presence of some 
beryllium. Cobbed specimens revealed a t h i n ,  pale-blue coa t ing  along 
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FIGURE 6. - Locotion of Properties Examined for Beryllium in Arizona. 



f r a c t u r e s ;  t h e  coa t ing  i d e n t i f i e d  a s  f ine-grain beryl  a f t e r  t e s t i n g  wi th  t h e  
por tab le  beryllium de tec to r .  

Seven se l ec t ed  samples from rep resen ta t ive  exposures were found t o  con- 
t a i n  0.18 t o  2.63 percent Be0 (equivalent)  when t e s t ed  with the  labora tory  
beryl l ium detec tor .  

Tungsten King Mine 

The Tungsten King mine ( f i g .  6,  l oc .  9) contains small tungsten-bearing 
quar tz  ve ins .  This  prospect cons i s t s  of a group of 12 claims which a r e  
loca ted  approximately halfway up the western slope of t h e  L i t t l e  Dragoon Moun- 
t a i n s ,  about 16 miles  nor theas t  of Benson. 

Quartz  ve ins  containing sparse b e r y l ,  s c h e e l i t e ,  and s u l f i d e  minerals  a r e  
genera l ly  p a r a l l e l  t o  a n  i r r e g u l a r ,  genera l ly  steep-dipping, contact  between 
Precambrian s c h i s t  and Te r t i a ry  g ran i t e  (4). The quartz  ve ins ,  ranging from 1 
inch  t o  6 f e e t  i n  width, occur e i t h e r  a t  the  contac t  or  i n  the s c h i s t  wi th in  
35 f e e t  of the contac t .  

The property has been developed by two a d i t s :  one inaccess ib le  275-foot 
a d i t  wi th  c rosscu t s ,  and one 25-foot a d i t  along the  grani te -schis t  contac t .  
There a r e  a l s o  numerous opencuts and trenches i n  the  contac t  zone. 

Many specimens of be ry l  from outcrops of quartz  scr ingers  and representa-  
t i v e  samples of g ran i t e  and s c h i s t  were co l l ec t ed  along 2,000 f e e t  of the 
g r a n i t e  and s c h i s t  contac t .  The samples were t e s t e d  on t h e  s i t e  with a porta-  
b l e  beryl l ium detector .  Grani te  and s c h i s t  gave negative r e s u l t s .  Only v e i n  
m t t e r  containing v i s i b l e  beryl  gave a pos i t i ve  t e s t .  The beryllium appears  
t o  accompany the  tungsten enrichment, occurr ing sparsely i n  the quartz v e i n s  
wi th in  10 t o  15 f e e t  of the contac t .  Veins fu r the r  away apparent ly do not  
con ta in  e i t h e r  beryllium o r  tungsten i n  appreciable amounts. 

While the reserve p o t e n t i a l  of t h i s  occurrence i s  very  low, a desc r ip t ion  
is included because the be ry l  accnmpnies tungsten mice ra l i za t i cn  tkt i n  
i t s e l f  i s  economically marginal. The be ry l  and tungsten together  might con- 
s t i t u t e  a minable resource during a na t iona l  emergency. 

Breadpan Beryllium Deposits 

The Breadpan beryllium claims ( f i g .  6 ,  loc. 13) a r e  i n  Breadpan Canyon,' 
on the  nor theas t  s lope of the  S i e r r a  Ancha Mountains ( f i g s .  7 and 8). 13 mi l e s  
wes te r ly  from Young. The l a s t  2 miles  of the  unimproved access  road descends 
i n  a s t eep  switchback and ends a t  the Flying W Ranch on t h e  f loo r  of Spring 
Creek Canyon. From here,  the  claims can  be reached by Jeep3 t r a i l  i n  the  bed 
of  Breadpan Creek above i t s  junction with Spring Creek. 

=Use of t h e  t rade  name "Jeep" i s  necessary f o r  c l a r i t y  and does not  imply 
endorsenrent by t h e  Bureau of Mines. 



rJ ARIZONA 
GILA COUNTY 

- 

FIGURE 7. - Location of Breadpan Area, Gila County, Ariz. 



FIGURE 8. - V iew of Breadpan Pro iect  Area, G i la  County, Ariz. 



The known beryllium-bearing rock, which i s  a schis t  member of the Pre- 
cambrian Alder Formation (A, 2, crops out on the steep northwest slope of 
Breadpan Canyon from creek level t o  a quartzite ledge 400 to  500 fee t  above 
the canyon f loor .  The Alder formation continues above the quar tz i te  but no 
beryllium was detected. The location of Alder Formation outcrops with respect 
t o  property l ines  and surface features i s  shown on figure 9. 

The schis t ,  where exposed i n  Breadpan Canyon ( f i g .  l o ) ,  trends N 60° E 
and dips about 70' W ,  a s  does the Alder Formation. The outcrop, paral le l ing 
the creek, has a s t r i ke  length of about 1.5 miles and an exposed width of 400 
f ee t .  

A normal f au l t ,  approximately para l le l  to the s t r i ke  of the Alder Forma- 
t ion ,  coincides with the l i ne  of that  portion of Breadpan Creek near the 
Bread Pan claims. On the northwest side of the canyon, the Alder Formation 
i s  i n  a downthrown f a u l t  block in  re la t ion  t o  the basic volcanics forming the 
southeast canyon slope. The Breadpan f au l t  i s  one of several regional f au l t s  
which, together with lesser f a u l t s ,  r e su l t  i n  complicated s t ruc tura l  re la t ion-  
ships in the area. Faulted blocks of the Alder Formation a l so  crop out a t  
other points i n  the general area. The beryllium-bearing schis t  member i s  
present on the northeast side of Spring Creek Canyon, far ther  northeast on 
Walnut Creek, and elsewhere. Brief reconnaissance of these areas indicated 
s l i gh t  beryllium enrichment. These additional areas would warrant fur ther  
work i f  the beryllium deposits along Breadpan Creek become economically 
important. 

The schis t  along Breadpan Creek consis ts  largely of dark-colored rock 
containing light-colored s t r ingers  of feldspar,  a few inches thick,  i n  bands 
or zones up to several f ee t  wide ( f ig .  11). These bands a r e  concordant t o  the 
fo l i a t i on  of the schis t  and with the general trend of the Alder Formation. 
The feldspar bands vary i n  width along the i r  trend and are  sparsely d i s t r i b -  
uted throughout the schis t  member, consti tuting possibly between 5 and 10 
percent of the t o t a l  volume of the schis t .  A specific s t r inger  of feldspar 
may not maintain i t s  ident i ty  for  more than a few fee t ,  but s t r ingers  i n  a 
braided structure tend t o  pers i s t  i n  zones t h a t  can be traced 200 to  300 feet .  
Further investigation probably would demonstrate greater horizontal continuity. 
Persistence of the bands a t  depth has not been established but presumedly w i l l  
be similar t o  the i r  horizontal continuity. 

Associated with many feldspar s t r ingers  a r e  f i ne ,  discontinuous quartz 
ve in l e t s  i? networks tha t  occasionally form quartz-rich zones up t o  2 f ee t  
wide. Sparse beryllium enrichment occurs with the quartz ve in le t s  i n  the form 
of blebs of blue beryl up to  114-inch i n  diameter and a s  paper-thin, discon- 
tinuous fracture f i l l i n g s .  Small specks of blue beryl usually can be dis- 
cerned by close inspection of samples containing 0.1 percent or more BeO. 
Accessory fluorspar, tourmaline, garnet, magnetite, and limonite have been 
ident i f ied i n  ve in le t  samples. Tests made a t  a private laboratory indicated 
some bertrandite,  but t h i s  beryllium mineral was not ident i f ied i n  Bureau of 
Mines work. 



FIGURE 9 .  - Mop of Breodpon Beryllium Area Showing Bread Pan Cloims and Alder Formotion Outcrops, T 9  N, R 1 2  E, Gilo County, 
Ariz. (Adapted from Older Precombrion Rocks of the Diamond Butte Quodrongle, Gilo Couqty, Ariz., R .  G. Gostil, 1 9 5 8 ) .  



F I G U R E  10. - O u t c r o p  of B e r y l l i u m - B e a r i n g  S t r i n g e r s  in A l d e r  S c h i s t  F o r m a t i o n  in S t r i p p e d  
A r e a  of t h e  B r e a d p a n  A r e a ,  G i l a  C o u n t y ,  Ar iz .  

The v e i n l e t s  gene ra l l y  appear  concordant wi th  t he  s c h i s t o s i t y ;  however, 
2, ~t -------A 
ALL ~ Y ~ ~ c c L  p i t  a t  the site GE d r i l l  ;io;k 1 (fig. l 2 j ,  a Lrryi l ium-bearing 
qua r t z  s t r i n g e r  from a  f r a c t i o n  of an inch t o  16 inches wide had a  s t r i k e  of 
N 12' W and d i p  of 74' NE, c r o s s i n g  the s c h i s t o s i t y  a t  a n  ob l ique  ang le .  This  
d i s co rdan t  a t t i t u d e  sugges ts  t h a t  beryl l ium depos i t i on  might be a s s o c i a t e d  
w i t h  a c r o s s - f r a c t u r e  system. 

Except f o r  s c a t t e r e d  p i t s  excavated pr imar i ly  a s  c l a im  d i s c o v e r i e s ,  
exp lo ra t i on  was confined t o  a n  a r e a  of about  1,000 by 400 f e e t  on t he  n o r t h  
s lope  of Breadpan Canyon wi th in  t h e  l i m i t s  of Bread Pan 1 and 2 c la ims ( f i g s .  
9 and 12).  

During exp lo ra t i on  by a  p r i v a t e  company from November 1961 through 
January 1962, s i x  ho l e s  were d r i l l e d  t o  depths of 62 t o  156 f e e t ,  u s ing  a  
truck-mounted r o t a r y  r i g  and 4-3/40 or  5-314-inch b i t s .  





F I G U R E  12. - Exploration Sites, Bread Pon Claims 1 and 2, Sec 23, T 9 N, R 12 E, Gila County, Ar iz .  



Holes were d r i l l e d  a t  loca t ions  shown on f igu res  9 and 12. The water 
t a b l e  was encountered i n  d r i l l  hole 1 a t  114 f e e t  and i n  d r i l l  hole 2 a t  83 
f e e t .  Beryllium minerals  of s l i g h t  s ignif icance were found i n  d r i l l  cu t t i ngs  
from the in t e rva l s  12-16, 18-20, 28-30, 60-62, and 66-70 f e e t  i n  d r i l l  hole 1. 
A low order  of beryllium enrichment was evident i n  most of the d r i l l  holes 
(appendix B). 

Af ter  d r i l l i n g  was completed, a 467-foot bulldozer trench was excavated 
i n  the  s c h i s t  member exposing seven narrow feldspar  bands ( f i g .  12).  Resul t s  
of scanning trench exposures with a portable beryllium detec tor  indicated 
s l i g h t  enrichment i n  the  f e ldspa r  bands and v i r t u a l l y  none i n  the sch i s t .  No 
be ry l  was v i s i b l e ,  and laboratory t e s t s  on seven samples gave e s s e n t i a l l y  
negat ive r e s u l t s .  

A p i t  was excavated t o  a depth of about 15 f e e t  below the o r i g i n a l  road 
grade a t  the s i t e  of d r i l l  hole 1 t o  inves t iga te  the  source of the beryllium- 
bearing cu t t ings  obtained i n  the  12-16-foot i n t e rva l .  A s t r i n g e r  ranging i n  
width from a f r a c t i o n  of a n  inch t o  16 inches and containing 0.55 percent Be0 
was exposed; the bes t  beryllium showing found on the  property. An i n t e r e s t i n g  
mineral occurrence was a 2-inch-wide s t reak  of cha lcoci te  exposed i n  the f l o o r  
of the  p i t .  So f a r  a s  known, i t  has no pa r t i cu la r  s igni f icance  i n  r e l a t i o n  t o  
beryllium. 

A reconnaissance survey using the beryllium detec tor  was made over the  
l a rge  number of Bread Pan claims. Outcrops and rock exposures i n  many of the  
discovery p i t s  were scanned with the  detector ,  and samples co l l ec t ed  by the 
l e s sees  from other  p i t s  were t e s t e d ;  l i t t l e  or  no beryl l ium was indicated. 

An outcrop of the  s c h i s t  member of the Alder Formation on the e a s t  s ide 
of Spring Creek Canyon in  the  NEk of sec t ion  26 indicated s l i g h t  evidence of 
beryllium i n  feldspar  bands exposed along the creek;  however, no point of 
enrichment was found. I n  sec t ion  24 ( f i g .  7) ,  on Walnut Creek, a t r i bu ta ry  of 
Spring Creek, another outcrop, presumably the same s c h i s t  member, gave an 
appreciable count with t h e  portable detector .  

A t o t a l  of 38 samples were co l l ec t ed  f o r  laboratory t e s t i n g  a t  points 
wilere scanning indicacea possibie  beryllium occurrences. Of the 38 samples 
se l ec t ed  because of anomalous count i n  the f i e l d ,  5 gave laboratory analyses 
of 0.19, 0.15, 0.14, 0.12, and 0.087 percent BeO, and t h e  balance 0.01 percent 
B e 0  o r  less .  The samples with s ign i f i can t  beryllium content were taken a t  
i s o l a t e d  spots  and d id  not  represent  any areas  of continuous beryllium 
enrichment. 

Descriptions and analyses of a l l  samples co l l ec t ed  a r e  given i n  the 
appendixes. Appendix B l is ts  t h e  samples of d r i l l  cu t t i ngs .  Appendix C l i s t s  
t h e  samples taken on Bread Pan 1 claim i n  the c rosscu t t ing  t rench and i n  the  
p i t  excavated around d r i l l  hole 1. 

Because of  the  r e l a t i o n  of the v e r t i c a l  d r i l l  holes  t o  the 70' d ip  of the 
formation, not more than 50 f e e t  of formation, measured normal t o  the f o l i a -  
t i o n  planes, was crosscut  i n  any hole;  the a c t u a l  formation thickness repre- 
sented i n  a 2-foot sampling i n t e r v a l  was 8 inches. 



During the  p r i v a t e  pro jec t  on t h e  Bread Pan claims,  a sample w a s  s en t  t o  
a research  labora tory  f o r  mineralogical  a n a l y s i s  and preliminary me ta l lu rg ica l  
t e s t i n g .  This sample of c u t t i n g s ,  taken from t h e  i n t e r v a l  12-16 f e e t  i n  d r i l l  
ho le  1, contained 0.295 percent Be0 by a c t i v a t i o n  a n a l y s i s ,  according t o  t h e  
labora tory .  A Bureau of Mines a n a l y s i s  f o r  the  same i n t e r v a l  was 0.21 percent  
BeO. This  compares wi th  the  0.55 percent  Be0 content  i n  t h e  16-inch v e i n l e t  
found l a t e r  i n  t h e  p i t  excavated a t  d r i l l  ho le  1. None of these samples 
r ep resen t  a minable ore  width. 

The labora tory  r e p o r t  concluded t h a t :  "If the  sample w a s  r ep resen ta t ive  
of the  ore  a v a i l a b l e ,  concent ra t ion  by f l o t a t i o n  was f e a s i b l e ,  a l though a 
heavy coat ing  of l imonite  not iced on the  beryllium minerals  present--beryl and 
bertrandite--was a s i g n i f i c a n t  problem. 1, 

Colorado 

Locations of t h e  22 Colorado p rope r t i e s  examined a r e  shown i n  f i g u r e  13. 

Mount Antero Area 

Mount Antero,  i n  the  Sawatch Range, Chaffee County, has long been known 
f o r  i t s  occurrences of  gem q u a l i t y  bery l  and, more r e c e n t l y ,  f o r  poss ib le  com- 
merc ia l  depps i t s  of beryl l ium ( f i g .  13, locs.  3, 4 ,  5) .  The exposed beryllium- 
besri-g s t r x t r ? r e c  -re Zzr- ---J 1.7 ahcve timber l i n e  on the  p rec ip i tous  upper 
s lopes  of Mount Antero ( f i g .  14) and nearby Mount White. Beryllium minerals  
a r e  widely but  spo rad ica l ly  d i s t r i b u t e d  i n  the  Mount Antero g r a n i t e  and asso-  
c i a t e d  i n t r u s i v e s  i n  enough abundance t o  be a poss ib ly  s i g n i f i c a n t  la rge-  
tonnage r e se rve  of  low-grade ore.  The only occurrences of beryl l ium developed 
a t  present  would r e q u i r e  uneconomical s e l e c t i v e  mining and s o r t i n g  t o  make a 
product approaching imported bery l .  

The geology of the Mount Antero depos i t s  has been described by Adam (1). 
The a r e a  was v i s i t e d  by Bureau of Mines personnel i n  1958 and again  i n  19591 

CYAC Group 

The CYAC group c o n s i s t s  of 73 contiguous claims ( f i g .  13, loc .  3 ,  f i g .  14) 
on t h e  upper s lopes  of  Mount Antero. The Mount Antero access  road leads  
d i r e c t l y  t o  t h i s  property. 

Beryl c r y s t a l s ,  as much a s  2 inches i n  diameter,  phenacite,  and ber t rand-  
i t e  occur i n  disseminated pods i n  f r ac tu red ,  hydrothemal ly  a l t e r e d  Mount 
Antero Grani te  (9. These pods range i n  s i z e  from 114-inch b lebs  t o  i r r egu-  
l a r l y  shaped masses up t o  4 f e e t  in diameter.  Minor amounts of f l u o r i t e ,  
l imoni te ,  and malachi te  a r e  present a l s o .  Beryl b l ebs  a s  much a s  6 inches i n  
diameter,  wi th  subordinate  be r t r and i t e ,  appear both i n  g ran i t e  f l o a t  and i n  
what appears t o  be s o l i d  bedrock. Beryl a l s o  occurs e r r a t i c a l l y  i n  i ron-  
manganese-oxide-stained pyri te-quartz  ve ins  more than 300 f e e t  long and up t o  
3 f e e t  t h i c k ;  b e r y l  and be r t r and i t e  occur i n  v e i n l e t s  t h a t  a r e  l e s s  than 50 
f e e t  long and 2 inches thick.  Crys t a l s  of be ry l ,  including the v a r i e t y  aqua- 
marine, phenaci te ,  qua r t z ,  f e ldspa r ,  and f l u o r i t e ,  a l s o  occur i n  p a r t i a l l y  
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FIGURE 13. ,. Location of Properties Examined for Beryll ium in Colorado. 



FIGURE 14. - CYAC P i t  on Ridge Near Crest of Mount Antero, Chaffee County, Colo. 

f i l l e d  m i a r o l i t i c  c a v i t i e s  i n  grani te .  Sca t te red  c r y s t a l s  of b lue  t o  green 
b e r y l  occur along the wall  zones of two sm11, poorly exposed pegmatites a l s o  
con ta in ing  quar tz ,  f e ldspa r ,  and muscovite a s  the  ch ief  minerals  and f l u o r i t e  
a s  a minor cons t i t uen t .  

The property i s  developed 5y one main cpen p i t ,  sw2rzl sm:: p i t s ,  and 
about  a dozen open trenches extending southwest from the main p i t .  

A t l a s  Group 

The At l a s  group ( f i g .  13,  loc.  4) comprises 15  claims i n  see  19, T 51 N ,  
R 7 E, Chaffee County, approximately 14 miles  northwest of Sa l ida .  A Jeep 
t r a i l  extends souther ly  from the  CYAC claims on Mount Antero t o  t h i s  property 
on t h e  no r th  s i d e  of Mount White. 

Beryl ,  aquamarine, and phenacite occur as c r y s t a l s  i n  vugs, m i a r o l i t i c  
c a v i t i e s ,  and a s  blebs i n  grani te .  Beryl and be r t r and i t e  accompany quar tz  i n  
banded quartz-orthoclase rock i n  s h o r t ,  narrow, quartz v e i n l e t s  l e s s  than 50 
f e e t  long and l e s s  than 2 inches wide, 



Exploration cons is ted  of s eve ra l  small  prospect p i t s  s c a t t e r e d  throughout 
t h e  property. Present  exposures of bery l l ium a r e  few and s c a t t e r e d  over  a 
length  of 2,300 f e e t .  

Ca l i fo rn ia  Mine 

The Cal i forn ia  property ( f i g .  13, l oc .  5) c o n s i s t s  of  t h r e e  pa tented  
c la ims  i n  sec 27, T 51 N ,  R 6 E, Chaffee County. The proper ty ,  a t  a n  e leva-  
t i o n  of 12,500 f e e t ,  overlooks a saddle a t  the base of a r i d g e  extending 2 .3  
mi les  southwesterly from Mount Antero. The mine may be reached by a Jeep 
t r a i l  from the CYAC claims. 

The Cal i forn ia  mine was explored i n  1917 f o r  molybdenum. Workings of 
t h a t  period comprised a 50-foot i nc l ined  s h a f t ,  a 90-foot c r o s s c u t  a d i t ,  and 
350 f e e t  of d r i f t s .  Small l o t s  of cobbed molybdenum o r e  were shipped f o r  
me ta l lu rg ica l  t e s t i n g ,  but no subsequent production was r epor t ed .  According 
t o  Worchester (43) ,  the 1.5- t o  3-foot Ca l i fo rn ia  v e i n  i n  quar tz  monzonite was 
developed f o r  a s t r i k e  length of 500 f e e t  i n  the a d i t  workings and t o  a depth 
of 50 f e e t  i n  the shaf t .  The v e i n  t r ends  N55'-75" E and d i p s  between 80" NW 
and v e r t i c a l .  

The a d i t  workings were inaccess ib l e  a t  the time of both Bureau of Mines 
v i s i t s  t o  the  Mount Antero a r e a .  Mineralogical  specimens of v e i n  ma t t e r  co l -  
l e c t e d  from the  dump contained qua r t z ,  b e r y l ,  molybdenite,  ferromolybdates ,  
muscovite,  and tourmaline. Minor amounts of magneti te ,  f l u n r j  t e ,  rnt i le ,  a ~ d  
branne r i t e  have been repor ted  (1). The be ry l  occurs a s  smal l ,  g reen ,  hexago- 
n a l  c r y s t a l s  up t o  one-fourth inch i n  diameter and 2 inches i n  length .  

Bureau inves t iga t ion  indica ted  a beryl l ium p o t e n t i a l  f o r  t h e  C a l i f o r n i a  
v e i n ,  but r e s u l t e d  i n  no s p e c i f i c  da ta  on which t o  base a r e s e r v e  es t imate .  

I n  1960, a n  examination of the Ca l i fo rn ia  property was made by a p r iva t e  
opera tor  who reopened the a d i t  workings. On the bas i s  of examination of v e i n  
exposures in  the workings, a long outcrops ,  and four  samples of 1.5-foot-wide 
v e i n  matter  taken i n  d r i f t  f l o o r s ,  an es t imate  of about 2,200 tons  of i nd i -  
ca t ed  and in fe r r ed  ore  and a p o t e n t i a l  of about 17,000 tons  more was made by 
t h e  opera tor  i n  a block about 750 f e e t  long, extending i n  depth 265 f e e t  below 
the  tunnel  l eve l .  The est imated grade i n  t h i s  r e se rve  was 1 percent  BeO. 

Badger F l a t s  (Lake George) Area 

The Badger F l a t s  beryllium d i s t r i c t  ( f i g .  13,  l oc .  15, f i g .  15)  i s  i n  
Park County, 12 miles  nor theas t  of Lake George, a c rossroads  se t t l emen t  on 
U.S. Highway 24, 40 miles west of Colorado Springs. 

It corresponds roughly t o  the  e a r l i e r  Mountain Dale Mining D i s t r i c t  and 
i s  r e f e r r e d  t o  i n  recent  Federal  Geological Survey pub l i ca t ions  as t h e  Lake 
George d i s t r i c t  (24, 43). Beryllium-bearing s t r u c t u r e s  a r e  a l s o  present  i n  
t h e  ad jo in ing  Ta r rya l l  a r ea .  
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FIGURE 15. - Geological Features, Maior Workings, and Bureau of 
Mines Trenches, Tarryall (Badger Flats) Beryllium 
Mining Area, Park County, Cola. .(Base Map from 
U.S.G.S. Prof. Paper 400, Chapter 0). 

An unsuccessful  
gold rush a t  T a r r y a l l  
i n  1878 marked t h e  
f i r s t  recorded mining 
e f f o r t  i n  the  a r e a ,  
followed i n  the  next  
75 yea r s  by unreward- 
prospect ing and explo- 
r a t i o n  f o r  l e a d - s i l v e r ,  
molybdenum, tungs ten ,  
and uranium. During 
the  uranium period,  
beryl l ium minerals  
were found i n  the  
dumps of the Boomer 
mine, a lead-s i lver  
prospect da t ing  from 
the  18901s, and t h i s  
l e d ,  i n  1955, t o  t h e  
discovery of high- 
grade vein-type bery l -  
lium ore i n  the o l d  
workings. The Boomer 
mine furnished a sub- 
s t a n t i a l  par t  of domes- 
t i c  beryllium mineral  
production f o r  severa 1 
years  s t a r t i n g  i n  1956, 
probably the f i r s t  non- 
pegmati t ic  ore ever  
mined i n  canmercial 
quan t i t i e s .  

'Fhe f i r s t  c r e  
bodies developed con- 
t a ined  o r e  t h a t  m e t  
indus t ry  spec i f ica-  
t i o n s  (more than 8 
percent  BeO) aa  mined. 
While the  o r i g i n a l  
depos i t s  have been 
dep le t ed ,  other  lower- 
grade deposi ts ,  con- 
t a i n i n g  from l e s s  than  
1 percent  Be0 up t o  5 
o r  6 percent BeO, have 
been found. I n  test 
runs a t  a f l o t a t i o n  
p l an t  i n  the T a r r y a l l  
a r e a ,  mine ore was 
upgraded t o  a 



concen t r a t e  conta in ing  a s  much as 19.6 percent  BeO. Concentrates  from produc- 
t i o n  runs  averaged about 12 percent  i n  grade. This concen t r a to r  has  ope ra t ed  
i n t e r m i t t e n t l y  on a small  s c a l e  s i n c e  1962, supplying a n  upgraded product t o  a 
be ry l l i um oxide p lan t  a t  Loveland, Colo. 

A n  i nves t i ga t ion  of the  a r e a  w a s  c a r r i e d  on by the  Bureau of Mines i n  
1959-60 with t he  ob j ec t ives  of t r a c i n g  possible  t rends  of bery l l ium enrichment 
connected wi th  major s t r u c t u r a l  l ineaments  suggested by Federa l  Geological  
Sur rey  work ( 2 4 ) ,  f i nd ing  ex tens ions  of known ore bodies ,  and developing 
c r i t e r i a  of beryl l ium occurrence t h a t  would be he lp fu l  i n  f u r t h e r  exp lo ra t i on .  
Mine workings were examined and sampled, a s  were p i t s  and t renches  that had 
been dug by prospectors during a per iod  when hundreds of c la ims  were be ing  
loca t ed .  Trenching w a s  a l s o  done by the  Bureau when the  des i r ed  exposures of 
bedrock had not been provided by o t h e r  work ( f i g s  . 15, 16) .  Sampling and 
a n a l y s i s  by conventional means were supplemented by use of po r t ab l e  nuc l ea r  
be ry l l i um de t ec to r s  t o  scan rock  outcrops i n  place ( f i g .  16) and t o  t e s t  c o l -  
l e c t e d  samples i n  t he  f i e l d ,  thus  eliminating-much of t h e  delay e n t a i l e d  i n  
w a i t i n g  f o r  sample r e t u r n s  from a d i s t a n t  laboratory.  

FIGURE 16. - S c a n n i n g  B e d r o c k  in  B u r e a u  of  M i n e s  T r e n c h  U s i n g  P o r t a b l e  B e r y l l i u m  
D e t e c t o r ,  Boomer  A r e a ,  P a r k  County ,  Solo. 



Description of the Deposits 

The general geology of the area and descriptions of local  rock s t ructure  
and mineralogy are  given i n  Federal Geological Survey publications (2, 35,. 
43). The major rocks of the Badger Flats  area ( f ig .  15) a r e  metamorphic un i t s  
intruded by granite. The Boomer mine i s  i n  a comparatively narrow northwest- 
trending band of schistose and gneissic rocks of the Precambrian Idaho Springs 
Formation, the oldest i n  the area.  This formation has been intruded by 
younger granite,  a l so  of Recambrian age, that  forms the large Pikes Peak 
Batholi th,  represented i n  t h i s  area  by the Tarryall Mountains northeast of 
Badger Flats ,  and by other small intrusive masses, one of which adjoins the 
Boomer mhe workings. Innumerable small a p l i t i c  and pegmatitic masses and 
s t r ingers  have also been injected into the Idaho Springs Formation. 

The important beryllium minerals present in the Boomer deposits, a s  well 
a s  elsewhere i n  the area,  are  beryl and bertrandite. Specimens of euclase 
have been identified. In  some instances, bertrandite is the chief ore mineral. 
The beryl is  easi ly  identified by i t s  c rys ta l  form, but bertrandite i s  incon- 
spicuous and d i f f i cu l t  t o  identify visual ly  and nuclear beryllium detectors 
have been invaluable for  tes t ing doubtful material. Significant beryllium 
concentrations appear t o  be associated with greisenization. 

Quartz i s  the chief gangue mineral. Other minerals ident i f ied i n  vein 
matter and mica-quartz greisen a re  f l uo r i t e ,  pyrite,  sphaler i te ,  molybdenite, 
wolframite , galena, chalcopyrite, arsenopyrite , muscovite, and sooty pitch- 
blende. Fluorite i s  re la t ively abundant in greisenized rock and is used 
local ly  as  an ore "indicator," although it does not have an invariable asso- 
c i a t i on  with beryllium. The other minerals l i s t ed  may be local ly  abundant but 
a r e  generally scarce and sporadically distributed. Beryllium minerals a r e  
present in both granite and metamorphic rock, generally near contacts between 
d i f fe ren t  rock uni t s ,  a s  i n  the Boomer mine. Significant concentrations of 
beryllium occur i n  greisenized vein matter and wall rock, although greisen 
without beryllium i s  a l so  known. Greisen with a substantial  content of beryl- 
l i u m  minerals tends t o  have a dis t inct ive yellowish cas t  due t o  a l te red  f ine-  
gi.ifurir mscovite. %is contrasts with a dark-gray coior imparced by normai 
muscovite. However, yellow greisen without beryllium i s  a l so  known locally.  

The Boomer mine has been developed to a depth of 150 f ee t  by two shaf t s  
and f ive levels of limited l a t e r a l  extent. The major openings date from the 
lead-silver exploration period. Recent work consisted largely of rehabi l i t a -  
t i o n  and short extensions of exis t ing level workings. Conrmercial ore has been 
limited t o  shallow depths (65 fee t )  and to  a small area.  Most of the produc- 
t i on  has come from the high-temperature Boomer vein deposits which occupy dis-  
continuous and intersecting fractures  i n  a shear zone along the southwestern 
contact of a small granite stock. Podlike ore shoots range from a few inches 
t o  a few fee t  in thickness; occasionally they a re  up t o  10 f ee t  thick. The 
larger  pods are limited la te ra l ly  and ver t ica l ly  to a few tens of feet .  The 
largest  ore body mined measured 30 f ee t  l a t e r a l ly ,  40 fee t  along the dip of 
t he  vein,  and 10 f ee t  3.n thickness. The ore appears t o  have been deposited 
i n  shear zones near formation contacts by mineralizing solutions tha t  accom- 
panied greisenization of both the vein matter and the country rock. The 
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bery ,Ilium content  of v e i n  matter  and wa .11 rock decreases rap id ly  outs ide  t h e  
o r e  shoots ,  and both v e i n  matter  and wall  rock  only a  few f e e t  away from a pod 
of o r e  normally show l i t t l e  g re i sen iza t ion  o r  beryllium content .  

Other Boomer Area Occurrences 

Adjoining the Boomer property a r e  o ther  claims on which f i v e  shallow 
s h a f t s  have been sunk o r  r ehab i l i t a t ed .  Of these ,  the Blue Jay and the J. S. 
No. 1 ( f i g .  15) shafts have encountered beryllium ore  of l imi ted  s igni f icance .  
The.ore resembles t h a t  found i n  the Boomer ore  shoots  but  occurs i n  smaller  
concentrat ions.  

The Blue Jay ore  body i s  i n  a  f l a t - l y i n g  greisen-quartz s t r i n g e r  a  few 
inches wide that apparent ly was a l s o  c u t  i n  Bureau of Mines t rench 2 ( f i g .  15) .  
Beryllium minerals a r e  present i n  the weathered bedrock mantle c u t  i n  t h i s  
t rench  and suggest that formerly a n  up-dip extension of t h i s  f l a t  ve in  t o  t h e  
Boomer ve in  system ex i s t ed  but  has been removed by erosion. 

The ore  on the J. S. claim consis ted of severa l  small,  i s o l a t e d  pods 50 
t o  70 f e e t  below the surface i n  a  s teeply  dipping ve in  developed by the  No. 1 
i n c l i n e  shaf t .  This ve in  pro jec ts  a s  a  possible  nor ther ly  extension of one of 
t h e  Boomer ve ins .  Four tons of o re ,  averaging 9.25 percent BeO, was obtained 
by s e l e c t i v e  mining. Exploration, presumably on the same ve in  system, through 
two shallow s h a f t s  a long the  1,000 f e e t  between the  Boomer mine and the  J. S. 
No. 1 s h a f t  d id  not d isc lose  any s i g n i f i c a n t  beryllium occurrences. 

Veins exhib i t ing  some gre iseniza t ion  and sparse beryllium enrichment have 
been explored on the Happy Thought, Tennessee, Mary Lee, and L i t t l e  John 
claims i n  the Idaho Springs Formation near the contact  with the  main Pikes 
Peak ba thol i th .  The general s t r u c t u r a l  environment resembles tha t  of the 
Boomer mine. A few tons of s a l ab le  ore ,  saved from a n  a d i t  driven along a 
small  s t r inge r ' on  the Mary Lee claim, represents  t h e  only production from any 
of  these  proper t ies .  

Another type of beryllium occurrence i n  t h e  a rea  cons i s t s  of random 
beryl-quartz  s t r i n g e r s  o r  v e i n l e t s  a  f r a c t i o n  of a n  inch wide i n  the country 
rock. These s t r i n g e r s  a r e  discontinuous, the  contained beryl  is sporadic i n  
d i s t r i b u t i o n ,  and gre iseniza t ion  i s  s l i g h t  o r  absent.  The v e i n l e t s  a r e  not 
abundant, although apparent ly widely d i s t r i b u t e d ,  and i n  no observed ins t ances  
do they c o n s t i t u t e  s i g n i f i c a n t  occurrences. 

T a r r y a l l  Occurrences 

Several  small beryllium deposi ts  have been found i n  P.ikes Peak Granite 
near  Ta r rya l l  Creek. They apparently do not  have the  po ten t i a l  of the Boomer- 
type deposi t  but  might be mined prof i tab ly  under c e r t a i n  condit ions,  and, w i th  
d e v e l o ~ n t ,  might lead  t o  l a rge r  ore bodies. 

On the A & C claims, i n  secs 4 and 5 ( f i g .  15). pods of bery l  and ber- 
t r a n d i t e  i n  gre isen  a r e  present i n  a  f l a t - l y i n g  s t r i n g e r  up t o  6 inches wide 
outcropping on a  s teep,  grani te  h i l l s i d e .  The limits of the occurrence had 



not been established by the surface work done a t  the t i m e  of the Bureau 
examination. By careful selective mining and sorting, approximately a ton of 
material of about 8 percent Be0 had been saved during open-pit excavation t h a t  
extended about 15 feet  into the h i l l  along a 20-foot outcrop. Mining cos t  f o r  
t h i s  occurrence would be less ,  i f  a lower grade of ore were acceptable. 

The Hazel Marie group i n  secs 4 and 5 ( f i g .  15) contains greisenized ver- 
t i c a l  s t r ingers  a few inches wide with pods of beryl and bertrandite. The ore 
was discovered by trenching through a thick mantle of weathered material  con- 
taining beryllium-bearing f loa t .  The ore l imi t s  had not been determined by 
the limited exploration done through two prospect shafts 15 to 20 f e e t  deep. 
About 2 tons of sorted beryl crystals had been sold to  the Government buying 
s ta t ion  i n  Custer, S. Dak., and a few tons of sacked ore of lower grade were 
stored a t  the property. The occurrence, l ike  t h a t  on the A & C claims, cannot 
be mined t o  produce high-grade ore a t  a reasonable cost. 

No pattern of occurrence for the A & C and Hazel Marie deposits has been 
established. However, it i s  reasonable to  assume that  other similar occur- 
rences are present i n  the area of unexplored granite adjoining the Idaho 
Springs metamorphic belt.  

A t  the Redskin property i n  sec 11 (f ig .  15, B) on the lower western slope 
of the Tarryall  Mountains, bertrandite occurs i n  greisenized pipes or channels 
i n  Pikes Peak Granite. The example explored a t  the Redskin mine is a s teeply 
dipping cylindrical  body about 3 feet  in diameter a t  the surface and of 
unknown ve r t i ca l  extent. It was explored for  molybdenum during World War I 
through a 50-foot incline shaf t ,  which was flooded a t  the time of the Bureau 
v i s i t .  Sampling of outcrop and mine dump indicated an average content of 5 
percent BeO. The beryllium minerals apparently are confined to  the pipelike 
body, and therefore the tonnage potential i s  limited. Other similar pipelike 
s t ructures  h3:e Seen located during reconnaissance of the area by a number of 
investigators,  and may have a wide distribution in  the Tarryall  Range. 

No new deposits or significant extensions of known beryllium ore were 
found through Bureau work. The existence of a t  l eas t  one of several major 
s t ruc tura l  lineaments suggested by geochemical work and mapping by the Federal 
Geo Logical Survey was substantiated. This northwest-trending lineament passed 
near the Boarmer mine, but a postulated s t ructural  re la t ionship with the Boomer 
ore zone could not be verified.  

Although ore i n  c-rcial quantities has not been developed outside of 
the Boomer property, the Badger Flats area, or  Tarryall  area,  contains about 
36 square miles of grani t ic  rocks that are largely unexplored and favorable 
f o r  occurrence of berylliumminerals. The presence of beryllium-bearing 
s t ructures  containing ore-grade or  near-ore-grade material several miles from 
the Boomer deposit suggests that  significant beryllium occurrences are  not 
necessarily limited to the immediate area of the Boomer mine. A large 
unexplored area along the Tarryall Mountains appears t o  be favorable fo r  such 
occurrences. A worthwhile potential for ore t h a t  might be minable under 



favorable  condit ions may e x i s t ,  though individual  depos i t s  a r e  l i k e l y  t o  be 
small  and production r a t e s  low. 

On the bas i s  of explora t ion  t o  date ,  the probabi l i ty  of f ind ing  l a rge ,  
low-grade comnercial beryl l ium deposi ts  i n  the Badger F l a t s  a rea  seems t o  be 
remote. The t y p i c a l  beryl l ium occurrence observed i n  deposi ts  i s  accompanied 
by a r ap id  t r a n s i t i o n  from r i c h  beryllium-bearing ma te r i a l  i n  ore  shoots t o  
bar ren  wall rock o r  barren v e i n  matter.  Halos of low-grade ma te r i a l  around 
depos i t s  have not  been found. 

S t .  Pe te r s  Dome Area 

S t .  Peters  Dome ( f i g .  13, loc .  22) is  a prominent g ran i t e  peak on the  
south f l ank  of Pikes Peak i n  E l  Paso County. The area prospected f o r  beryl- 
lium i s  west of S t .  Pe te r s  Dome, i n  E l  Paso and T e l l e r  Counties.  The a rea  
a d j o i n s  the Wye campground, a point  on a f o r e s t  service road constructed on 
a n  abandoned r a i l r o a d  grade,  21.4 miles from Colorado Springs. 

A beryllium mineral ,  t e n t a t i v e l y  iden t i f i ed  a s  b e r t r a n d i t e ,  has been 
found i n  r ed ,  i ron-s ta ined ,  shear s t ruc tu res  i n  Pikes Peak Granite  near a n  
i n t r u s i v e  mss of Mount Rosa Granite (2). The be r t r and i t e  occurs with 
thorium and possibly r a r e  e a r t h  minerals a s  blebs and s t r i n g e r s  i n  an a l t e r e d  
shea r  mater ia l .  BeryE1;;~; i s  p res sa t  xsr a subs:an:-kl a r ea  and, a s  found 
l o c a l l y ,  i n  small,  sporadic enrichments; no cont inui ty  l a t e r a l l y  and i n  depth 
has been es tab l i shed .  An a rea  of several  square miles has been prospected. 
In t ens ive  explora t ion  by sur face  excavation and d r i l l i n g  has been l imi ted  t o  
t h e  Comanche claims. 

Comanche Group 

The Comanche claims ( f i g .  13,  loc .  21) a r e  located i n  s e c t i o n  13  a t  'he 
end of a 1-mile access  road nor th  from the Wye campground. 

A shear zone i n  Pikes Peak Granite has been s t r ipped  over a n  a rea  about 
50 by 75 f e e t  and f u r t h e r  exposed by benching a s t eep  h i l l s i d e  t o  a maximum 
depth of 15 f e e t .  Boulders of a l t e r e d  shear mater ia l ,  weighing up t o  50 
pounds each, s c a t t e r e d  about the  workings were reported t o  be found i n  place 
near  bedrock sur faces .  A sampie chipped from a 15-pound boulder contained 
6.43 percent Be0 by Bureau a c t i v a t i o n  ana lys is .  However, no beryllium 
remained i n  working f a c e s  t e s t e d  by scanning rock i n  place with a portable 
d e t e c t o r  ( f ig .  17). Severa l  d r i l l  holes were reported by a n  opera tor  t o  have 
i n t e r s e c t e d  narrow beryllium-enriched zones. Dr i l l i ng  data were cond i fen t i a l .  

New Mexico 

The locat ions of  15 New Mexico propert ies  examined a r e  shown i n  f igu re  18. 

Cornudas Mountains Deposit 

The Cornudas Mountains ( f i g .  18, loc. 7) a r e  i n  southern Otero County, 
N. Mex., and adjo in ing  nor thern  Hudspeth County, Tex. 



FIGURE 17. - Scanning Granite in Excavation Wall Pit With Portable Beryl l ium Detector, 
St. Peters Dome Area. 

n - ,, ~ a ~ m i s s i o n  m u s t  be obtained t o  t r ave l  the p r iva te  roads  t h a t  lead t o  t h e  
a r e a ,  48.6 miles  e a s t  of E l  Paso, Tex., on U.S. Highway 62-180. 

Eleven prominent, i s o l a t e d  peaks, ranging i n  he igh t  from 600 f e e t  (Deer 
Mountain) t o  2,500 f e e t  (Wind Mountain), r i s e  above the  r e l a t i v e l y  f l a t  DiabLo 
Pla teau  wi th in  a  9-mile square a rea ,  

Individual  peaks, roughly c i r c u l a r  i n  plan, a r e  denuded co res  of lacco- 
l i t h s  t h a t  intruded and domed Permian-Pennsylvanian sediments (40) . h e  
i n t r u s i v e  rock is  nepheline syeni te  t h a t  v a r i e s  i n  t e x t u r e  from t r achy t i c  t o  
pegmati t ic .  Nepheline c r y s t a l s  comprise up t o  20 percent  of t he  rock volume. 

Around the  peaks a r e  numerous, narrow syeni te  dikes t h a t  occupy f i s s u r e s  
r a d i a t i n g  out from the Zaccoli thic  cores.  The remnants o f .  the  domed sedimen- 

' t a r y  s t r u c t u r e s  around each peak dip 50' t o  80° away from t h e i r  c i r c u l a r  con- 
t a c t  with the syeni te  cores .  T i l t i n g  of the beds i s  s t i l l  ev ident  some 2,000 
f e e t  from the contac ts  where the dips are  20° t o  50°, f l a t t e n i n g  t o  5" t o  15" 
a t  4,000 f e e t .  
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FIGURE 18. - Location of Properties Examined for Beryllium in New Mexico. 



Beryllium minerals from the Cornudas Mountains tha t  have been ident i f ied  
a r e  euclase, eudidymite, and tentatively,  bertrandite. Beryllium has been 
detected in most of the intrusive outcrops. Generally, the coarser the crys- 
t a l l i za t ion  of the rock, the higher the beryllium content. Samples co l lec ted  
by the Bureau of Mines and other investigators range from 0 t o  a s  much a s  0.20 
percent BeO, with an average of approximately 0.10 percent BeO. 

Spectrographic analyses of samples from some specif ic  locations (Cornudas 
Mountain, Wind Mountain, San Antonio Mountain, and Chatf i e l d  Mountain) have 
indicated interesting amounts of lithium, rubidium, gallium, yttrium, t i n ,  
n ickel ,  zirconium, and columbium. 

The area has been developed through numerous shallow shaf t s ,  small pros- 
pect p i t s  and trenches, and bulldozer cuts .  Although probable ore grade i s  
extremely low, the widespread occurrence of beryllium minerals suggests t ha t  
the t o t a l  beryllium content of the millions of tons of favorable int rusive 
rocks available is large. 

Warm Springs Beryllium Deposit 

The Warm Springs beryllium deposit ( f ig .  18, loc. 15) i s  on land held 
par t ly  i n  fee and partly by location i n  the abandoned Warm Springs Apache 
Indian Reservation, southwestern Socorro County. The property is 23 miles 
north of Winston on New Mexico Highway 52, and 2.5 miles north of the Iron 
Mountain area. The deposit has been explored by a pr"at= f z ~ ~ .  

A major north-trending normal f a u l t  with downthrow t o  the west has 
brought conglomerates and sandstones of the Santa Fe Group of the Gila 
Conglomerate (5) west of the f a u l t - i n  contact local ly  with interlayered dark 
rhyol i tes  and rhyolite-tuff agglomerates of the Rubio Peak Formation ( f i g .  
19). A small h i l l  about 25 fee t  high just  eas t  of the f a u l t  is capped by a 
beryllium-bearing remnant of the hydrothermally a l te red  rhyolite-tuff  agglom- 
e ra te .  Beryllium enrichment i n  t h i s  remnant i s  exposed over an area approxi- 
mately 10 by 20 feet .  

3 , e  deposit has been explored by 7 trenches, a maximum of 5 f ee t  deep, 
and 18 dry rotary d r i l l  holes, a maximum of 200 fee t  deep ( f ig s .  19 and 20). 
The d r i l l i ng  has been done on both sides of the f au l t  i n  randomly spaced 
holes, 10 to 70 f e e t  apar t ,  over an area about 180 by 250 f ee t .  Dril l ing 
depth was limited by the water table ,  which prevented fur ther  d r i l l i ng  by the 
method used. The range i n  depth t o  water i n  the various holes indicates the  
existence of several perched water tables,  possibly resu l t ing  from step 
fau l t ing  paral le l  to  and west of the main fau l t .  

Six d r i l l  holes in the trenched area penetrated the surface ore and c u t  
addit ional ore-bearing uni ts  a t  depth. On the basis of d r i l l i n g  data and 
trenching, the surface ore body ranges between 10 and 35 f e e t  i n  thickness, 
averaging 17 feet .  The beryllium-bearing intervals  cut a t  depth range from 5 
t o  45 feet  thick. The mineralized d r i l l  cut t ings  obtained resemble the ore  
a t  surface, and it can be assumed that  these deeper ore in te rva ls  represent 
similar rhyolite-tuff agglomerate units. Estimates of t h e i r  thickness were 
based on allalyses of d r i l l  cutt ing samples taken i n  5-foot intervals .  
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FIGURE 19. - Surfoce Workings, Worm Spings Beryllium Deposit, Socorro County, N. Max. 
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FIGURE 20. - Drill Hole Logs, Worm Springs Beryllium Deposit, Socorro County, N. Mex. 

The e r r a t i c  character of the several ore-bearing uni ts  both in  thickness 
and i n  depth below the surface, a s  indicated by these r e su l t s ,  does not permit 
a good correlation of the ore horizons. Some holes cut one ore in te rva l ,  
othars tvo, an2 one hole (No. 4) cu t  fez. The ~ i i r f a i ~  ore exhib i t s  an appi-e- 
ciable  range i n  thickness and beryllium content within a few tens  of f ee t  
l a t e r a l ly ,  and d r i l l i ng  r e su l t s  suggest that  the deeper ore horizons have 
similar character is t ics .  The throw of the f au l t  or  f a u l t s  i s  unknown, making 
correla t ion between d r i l l  holes on opposite sides of the f a u l t  zone uncertain. 
The ore intervals  cut  i n  the d r i l l  holes i n  the downthrown block to the west 
may represent down-faulted continuations of ore horizons that  have been 
removed by erosion eas t  of the f au l t .  I f  t h i s  i s  t rue,  down-faulted segments 
of the known ore horizons east  of the f a u l t  a r e  below the horizon reached by 
d r i l l i n g  west of the f au l t .  

Samples of dri l l-hole cut t ings  and trench exposures were analyzed by a 
private individual using nuclear detection methods. Results a r e  shown on 
figure 20. During the Bureau of Mines examination, the surface was scanned 
with a portable beryllium detector. Background count was high i n  the outcrop 
area and no quanti tat ive evaluations could be made d i rec t ly  on the outcrops. 
Eight samples were taken in  narrow trenches about 2 f ee t  deep cu t  a t  locations 
shown i n  figure 19. Results were a s  follows: 



Sample : BeO, percent 

These analyses are  i n  the same range as  those made on d r i l l  cutt ings by 
a comerc ia l  laboratory. 

While the known surface ore i n  the Warm Springs area i s  limited, the 
existence of a more significant resource a t  depth i s  indicated. Exploration 
r e s u l t s  point t o  substantial  ore thicknesses and an average grade between 0.50 
and 1.00 BeO. This might consti tute minable ore under favorable economic 
conditions. 

Iron Mountain Dist r ic t  

The Iron Mountain d i s t r i c t  ( f ig .  18, loc. 13) occupies an area of about 
15 sq.z+rc -,i:cs i n  northwestern Sierra and southwestern Socorro Counties. The 
area i s  51 miles northwest from Truth or Consequences w e r  U.S. Highway 85 and 
New Mexico Highways 52 and 59. A 3.5-mile mine-access road eas t  from New 
Mexico Highway 59, about 11 miles north of Winston, leads to  the beryllium- 
bearing area.  

The iron-rich formations of Iron Mountain have been explored chiefly for  
magnetite but a l s o  f o r  tungsten, gold, base metals, and beryllium. No comer- 
c i a1  production of beryllium has been -;i&. 

Iron Mountain proper i s  a fault-block ridge composed of contact metanor- 
phic rocks. Limestones and calcareous shales have been a l te red  in  part to  
t a c t i t e  near intrusive masses of rhyoli te,  granite,  and ap l i t e .  The known 
beryllium-bearing foruation i s  a variety of t a c t i t e  cal led ribbon rock, found 
i n  the northern th i rd  of the mountain. Beryllium occurs chiefly a s  helvi te  
and a s  a minor impurity i n  grossulari te,  idocrase, and chlor i te .  Beryllium 
minerals do not occur i n  the large massive t a c t i t e  bodies of the area but i n  
a d i s t inc t ive  layered ribbon rock in which dark iron-rich layers a l te rna te  
with layers of l igh te r  color. Major consti tuents of the ribbon rock a re  mag- 
n e t i t e  and f luo r i t e .  Ribbon rock occurrences normally are found along the 
contacts of massive t a c t i t e  bodies and limestone, forming thick pods, pipelike 
masses, and th in  tabular bodies. However, they are  of limited extent compared 
t o  the massive t a c t i t e s .  

s t r a t eg i c  mineral investigations for  beryllium and tungsten were car r ied  
on i n  1942-43 by the Federal Bureau of Mines (37) and Geological Survey (25). 
These included geologic mapping, sampling, trenching, diamond dr i l l ing ,  and 
underground exploration. Calculated reserves based on the work included 3,500 



tons of iron-rich ribbon rock containing an estimated 0.7 percent Be0 a s  hel- 
v i t e ,  and 84,000 tons of s i l i ca te - r ich  ribbon rock containing 0.2 percent Be0 
a s  danali te and other minerals. Additional reserves of 1,000 tons of the 
r icher  ore and 100,000 tons of the low-grade ore were inferred.  The conclu- 
sion was reached tha t  there was l i t t l e  addit ional reserve potent ia l  because 
the beryllium-bearing formations were probably cut  off a t  a shallow depth by 
igneous rock. 

Investigation by the Bureau i n  1961 was limited t o  taking character sam- 
ples of dif ferent  rock types for  study and analysis. Beryllium was found only 
i n  specimens of ribbon rock (0.18 and 0.15 percent BeO). No revision of the 
e a r l i e r  reserve estimates was indicated. 

Utah - 
Figure 21 shows the location of 34 properties investigated i n  Utah. 

Miller Mine 

The Miller property, on the eastern flank of the Mineral Range, consis ts  
of 30 unpatented mineral claims i n  Beaver County ( f i g .  21, loc. 5). 

The property was probably explored or iginal ly  for  tungsten. Scheelite, 
he lv i te ,  and minor beryl occur i n  t a c t i t e  zones between faul ted limestones and 
a grani te  stock. The i r regular  contact is obscured by a thick s o i l  mantle. 

Mine workings comprise a 130-foot ve r t i ca l  shaf t  with one level a t  the 
bottom and a 122-foot inclined shaf t  with l a t e r a l  workings 25 f e e t  below sur- 
face ( f ig .  22). The incline shaf t  is connected t o  the 130-foot level of the 
v e r t i c a l  shaf t  but has been backfil led up t o  the 25-foot level. Several small 
p i t s  and trenches have been excavated near the main workings. I n  1960, a 
pr ivate  operator put down f ive  diamond d r i l l  holes i n  the area around the 
shaf t  . 

F me beryiiium mineral, he iv i te ,  'ir. iea  co the recent expioration, was 
found i n  brecciated na t e r i a l  i n  a small dump from the inclined shaft .  Twelve 
samples assayed from 0.07 to  7.6 percent BeO. No beryllium was v i s ib l e  i n  the 
l imited exposures of rock on the 25-foot level of the incline shaf t  although 
a sample of material  i n  the top of the backfi l l ,  apparently from work done 
above t h i s  l eve l ,  assayed 0.97 percent BeO. 

The d r i l l  holes gave only negative information, so f a r  a s  could be 
learned. I n  1961, an exploratory l a t e r a l  a t  the 130-foot level  of the v e r t i -  
c a l  shaf t  was driven southeastward i n  brecciated material  ( f i g .  22). A small 
southwest-trending s t r inger ,  cut  a t  a point 80 f e e t  from the shaf t ,  contained 
a pod of beryllium tha t  was sampled during a Bureau reconnaissance of the new 
workings. This sample, which appeared to  be unique, assayed 7.6 percent BeO. 
No other pods were seen, and four other samples taken on the 130-foot level  
were barren or  nearly so. To date, ore of the tenor found i n  the dump from 
the incl ine shaf t  has ~t been found i n  place. On the basis  of the very 
limited amount of exploration done, the potential  of the property, while 
apparently l imited,  cannot be estimated f a i r l y .  
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Apex Tungsten Property 

The Apex tungsten property ( f ig .  21, loc. 11) consis ts  of 25 contiguous 
claims, 4 patented, i n  Juab County near the Utah-Nevada border. 

The principal beryllium-bearing rock uni t  on the property i s  a metamor- 
phosed limestone about 50 fee t  thick containing several th in  interbedded 
shales. This uni t  i s  overlain and underlain by thick phylli te beds. Quartz- 
i t e  beds about 4 f ee t  thick occur a t  both the upper and lower limestone- 
phyl l i te  contacts. 

The en t i re  sedimentary se r ies  i s  i n  a t i l t e d  complex f au l t  block. Two 
systems of shearing, one trending westward roughly paral le l  to  the general 
s t r i k e  of the beds and the other northerly, have segmented the block. These 
shear systems dip 65- to  80' N and 40" t o  50' E respectively. Fault movement 
along both shear zones has dropped segments of the formations generally down- 
ward to the north and east  in  small steps. One exception i s  an observed 
instance where the displacement was downward t o  the west. 

On the basis of exploration to  date, the best potential  beryllium-bearing 
rock uni t  i s  the limestone i n  which most of the tungsten prospecting was done. 
However, several beryl-bearing veins up to  2 f ee t  wide and averaging 8 inches 
thick i n  phyl l i te  were exposed by surface workings. Sporadic c lus te rs  of 
beryl c rys ta l s  a lso have been found in  phyl l i te  outcrops. 

Mineral deposition i s  a t t r ibuted t o  contact metamorphism associated with 
nearby intrusives. Scheelite, f luor i te ,  and beryl were deposited i n  small 
quartz- and greisenized-fissures i n  both shear systems i n  limestone. Individ- 
ua l  ore segments are  short ,  being interrupted by f au l t  displacement. Beryl- 
lium and tungsten replacements i n  the walls of f issures  have been noted, with 
penetration in  limestone up t o  4 feet  and i n  phylli te up to  2 feet .  

Exploration was done for  tungsten through underground workings a t  the  
Apex and Merry mines and i n  surface workings ( f ig .  23). h ivace iy  financed 
work t o  investigate the deposits for  beryllium consisted of geologic mapping, 
examination of workings, excavation i n  the course of building access roads and 
s t r ipping cer ta in  outcrops, and d r i l l i ng  of 18 ve r t i ca l  noncore d r i l l  holes. 
Holes averaged 100 fee t  deep, with one hole 240 fee t  deep. 

During the Bureau investigation, surface and underground workings were 
sampled and, where feasible,  rock exposures were scanned direct ly  with a port- 
able beryllium detector. Results obtained underground and i n  cer ta in  surface 
exposures are  shown on figure 23. Several hundred random t e s t s  were made,by 
scanning limestone and phyl l i te  outcrops with a portable detector over an area 
approximately 300 by 800 fee t .  Generally, beryllium was sparse over the a rea ;  
however, some detector readings ranged up to  4.46 percent BeO. Beryl c rys t a l s  
usually were v i s ib l e  i n  material that  contained 0.2 percent Be0 or more. 

The operator's analyt ical  resu l t s  on d r i l l  cutt ings from holes, randomly 
spaced from 30 t o  500 fee t  apar t ,  were low. Cuttings l e f t  a t  the hole s i t e s  
were scanned with the beryllium detector, giving essent ia l ly  negative resu l t s .  
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The r e su l t s  of the Bureau investigations indicate tha t  minable un i t s  of 
beryllium ore, measuring up to  50 fee t  l a t e r a l ly  and ver t ica l ly  and 1 foot 
thick,  ex i s t  i n  the limestone. The limestone extends for  a t  l eas t  2,300 f e e t  
northeasterly on the Apex property and possibly southwest into adjoining 
ground. The amount of beryllium contained i n  a single ore unit  i s s m a l l ,  but 
the extent of the favorable limestone indicates that  the potential  i s  s ign i f i -  
cant.  Ore grade would probably not exceed 1 t o  2 percent BeO, a s  mined, well 
below salable grade under current industry specifications. 

Dril l ing resu l t s  and examination of outcrops indicate that the beryllium 
content of e i ther  limestone or phyll i te,  taken as  a whole, i s  low, possibly 
not exceeding 0.1 percent BeO,  and probably precludes any large-scale mining 
operation. The possibi l i ty  ex is t s  tha t ,  under favorable economic conditions, 
both beryllium and tungsten could be recovered by mining the srnall limestone 
ore un i t s  individually and milling to  produce separate concentrates. 

Spor Mountain Deposits 

I n  December 1959, unique beryllium deposits ( f i g .  21, de t a i l  A)  were dis-  
covered a t  Spor Mountain, a prominent isolated ridge west of the Thomas Range, 
40 miles by graveled road northwest of Delta. 

Commercial f luor i te  deposits in  the Spor Mountain area have been worked 
since World War 11. Current exploration for beryllium has been done on exten- 
sive beryllium-bearing rhyolit ic-tuff  outcrops on the lower western slope of 
Spor Mountain. However, some at tent ion has been given t o  similar but limited 
occurrences east  of Spor Mountain. 

Extensive exploration by noncore d r i l l i ng  and mechanized surface excava- 
t i on  has been accomplished by both major mining organizations and srnall 
groups. Much of the ac t iv i ty  has been consolidated into operations by a few 
large companies. Lit igation,  result ing from many ownership conf l ic t s  t ha t  
developed during the intensive claim-locating ac t iv i t i e s ,  has been or  is 
being resolved. 

Most of the exploratory work has been done on deposits that  extend west- 
ward under the f l a t  desert t e r ra in  of Fish Springs Valley. Results of explo- 
ra t ion  elsewhere around Spor Mountain are  inconclusive. Indicated and 
inferred reserves i n  the deposits west of Spor Mountain t o t a l  millions of tons 
of ore with an estimated average grade of 0.5 percent BeO, some of which can 
be exploited by open-pit methods. The t o t a l  resource potential  i s  substan- 
t i a l l y  larger. 

Production of ore in  the Spor Mountain area has been limited t o  mining 
bulk samples from open p i t s  for metall&gical testing.  Results of research i n  
laboratory and p i lo t  plant work by private operators and the S a l t  Lake City 
Metallurgy Research Center of the Bureau of Mines indicate that  a usable beryl- 
lium chemical can be extracted directly from the ore by hydrometallurgical 
methods (13-14 - - 9  - 17-18 _ s  30, 32). - - 



The beryl l ium-bear ing r h y o l i t i c  t u f f  of t he  Spor Mountain a r e a  ( f i g .  24) ,  
a l s o  c l a s s i f i e d  a s  a  tu f faceous  agglomerate,  occurs  i n  a  s e r i e s  of r h y o l i t e  
f l ows ,  welded t u f f s  , and agglomerates of T e r t i a r y  age l a i d  down on Pa leozoic  
Formations (36). The l a r g e s t  exposures of o re -bear ing  t u f f  a r e  a long  t h e  
wes te rn  base of Spor Mountain; s i m i l a r  minera l ized  t u f f  beds have been found 
i n  Dugway De l l ,  a  v a l l e y  between Spor Mountain ( t o  t h e  west)  and Topaz Moun- 
t a i n  ( t o  t h e  e a s t ) .  The western ou tc rops ,  t r end ing  g e n e r a l l y  n o r t h e a s t ,  can 
be t r a c e d  a long  t h e  west f l a n k  of Spor Mountain f o r  4 m i l e s .  The t u f f  beds 
d i p  15' t o  25O NW, plunging beneath Lake Bonnevi l le  sediments  i n  F i sh  Spr ings  
Val ley .  Ore hor izons  have been found a t  depths up t o  900 f e e t  i n  d r i l l  h o l e s  
2 .5  m i l e s  w e s t  of t h e  ou tc rops .  However, t he  v o l c a n i c s  do no t  l i e  i n  a  simple 
monocl ine,  a  f a c t  i nd i ca t ed  by d i f f e r e n c e s  i n  depth t o  t h e  o r e  hor izon  i n  
a d j o i n i n g  d r i l l  ho l e s .  Extensive f a u l t i n g ,  wi th  a l t e r n a t e l y  e l e v a t e d  and 
depressed  f a u l t  b locks ,  i n t e r r u p t s  t h e  c o n t i n u i t y  of beds and o r e  hor izons.  
Near Spor Mountain, t u f f  ou tc rops  a r e  r epea t ed  by f a u l t i n g .  

FIGURE 24. - Typical Beryllium-Bearing Tuff Bed in Walls and Floor of Bulldozer Trench. 



Although beryllium has  been found i n  severa l  t u f f  beds, s i g n i f i c a n t  o r e  
appears  t o  be concentrated i n  a layered t u f f  u n i t  25 t o  150 f e e t  t h i c k ,  near  
t h e  base of the volcanic s e r i e s  overlying a dolomite,  the  topmost sedimentary 
u n i t .  No beryllium has been found i n  r h y o l i t e  o r  welded t u f f .  The ore  
d e p o s i t ,  considered a s  a whole, has a wide a r e a l  e x t e n t ,  bu t  i s  segmented by 
f a u l t i n g .  S h i f t i n g  of the  major ore  horizon wi th in  the  t u f f  produces f u r t h e r  
d i s c o n t i n u i t i e s  apparent ly not  connected with f a u l t i n g .  

The beryllium mineral i n  the  Spor Mountain depos i t s  has been i d e n t i f i e d  
a s  b e r t r a n d i t e  i n  opal ine f l u o r i t e  nodules occurr ing  i n  a n  a l t e r e d ,  c l ayey ,  
r h y o l i t e  t u f f .  The nodules con ta in  as much a s  7 percent Be0 and a r e  e a s i l y  
i d e n t i f i e d  v i sua l ly .  Other minerals  present  i n  the t u f f  a r e  montmori l loni te ,  
qua r t z ,  chalcedony, f e ldspa r ,  san id ine ,  gypsum, c a l c i t e ,  mica, and i ron-  and 
manganese-oxides. Trace amounts of many m e t a l l i c  elements have been de tec t ed  
spec t rographica l ly .  

Bureau of Mines inves t iga t ions  of the a rea  s t a r t e d  a t  e x i s t i n g  ore  expo- 
s u r e s  west of Spor Mountain t o  f a m i l i a r i z e  personnel wi th  t h e  recognizable 
c h a r a c t e r i s t i c s  of t h i s  unusual beryllium-bearing ma te r i a l .  Nuclear d e t e c t i n g ,  
u s ing  a portable instrument d i r e c t l y  on outcrops, was a va luable  a i d .  La te r ,  
work was extended t o  Dugway D e l l ,  where an e ros iona l  remnant of  s i m i l a r  ore-  
bear ing  t u f f  (Be l l  H i l l  Deposit)  and a n  occurrence i s o l a t e d  by f a u l t i n g  
(Claybank Deposit) have been found. Nine outcropping t u f f  beds on the  s lopes  
of Spor Mountain, the  f l o o r  of  Dugway Dell ,  and t h e  wide, r i s i n g  approach t o  
Topaz Mountain were examined. No new occurrences were loca ted  during t h i s  
work. P r iva te  d r i l l i n g  i n  t h e  f l o o r  of Dugway Dell  has a l s o  given e s s e n t i a l l y  
negat ive  r e s u l t s .  The s i g n i f i c a n t  beryl l ium reserves  appear t o  l i e  west of  
Spor Mountain. 

Even though the depos i t s  west of Spor Mountain have a ve ry  l a r g e  tonnage 
p o t e n t i a l ,  the  f a u l t e d  s t r u c t u r e s ,  t h e  s h i f t i n g  of  ore  l a y e r s  wi th in  t h e  min- 
e r a l i z e d  tu f f  bed, and the  low average beryllium content  complicate t h e  mining 
problem. However, open-pit methods can  undoubtedly be devised f o r  t h e  shallow 
por t ions .  An experimental underground opera t ion  has been s e t  up by one of  t h e  
l a r g e  opera tors  t o  develop a method f o r  mining deep o re .  

Honeycomb H i l l s  

The Honeycomb H i l l s  a r e  two r h y o l i t e  plugs t h a t  r i s e  above t h e  d e s e r t  
f l o o r  in 'Snake Valley, j u s t  no r th  of t h e  county road,  30 mi les  west of Spor 
Mountain ( f i g .  21, loc .  18). The plugs a r e  surrounded and under la in  by f l a t -  
t o  gently-dipping, poorly bedded, l i g h t  reddish-brown tuffaceous agglomerates.  
Quaternary l acus t r ine  beds around the  h i l l s  probably conceal ex tens ions  of  the  
agglomerates.  

The Honeycomb H i l l s  have been explored f o r  uranium and, poss ib ly  i n  a n  
e a r l i e r  period,  f o r  precious metals.  Two shor t  a d i t s  have been dr iven  i n  a n  
agglomerate near  the  western base of North Honeycomb H i l l .  A longer a d i t  has  
been driven i n  the  r h y o l i t e  of  South Honeycomb H i l l .  These underground work- 
ings  & not  i n t e r s e c t  beryl l ium occurrences. 



Bervllium has been found i n  tuf faceous outcrow a t  severs 1 1  locations on - 

the west side of North Honeycomb H i l l ,  on the eas t  side of South Honeycomb 
H i l l ,  and on a low connecting ridge. Two of the beryllium-bearing exposures 
a r e  worthy of note. A 20-foot-long and 5-foot-wide leve l  area adjacent t o  the 
western base of North Honeycomb H i l l  contains beryllium-bearing tuffaceous 
agglomerate a t  l eas t  5 fee t  thick. Scanning of t h i s  area with a portable 
beryllium detector indicated a small tonnage with an overall  average of 0.2 
percent BeO. 

The other exposure, on the west slope of the r idge between North and 
South Honeycomb H i l l ,  was delineated by a portable beryllium detector survey 
t o  be an area approximately 400 fee t  long, 200 fee t  wide, and 45 fee t  th ick 
tha t  contained sporadic beryllium. A portion of t h i s  area ,  75 fee t  wide, 125 
f ee t  long, and 30 fee t  thick,  contained higher-grade beryllium-bearing tu f f .  
This higher grade tuff  was surrounded by a manganese-stained zone approxi- 
m t e l y  15 f ee t  wide. Development i n  the inmediate area of the higher grade 
zone consisted of three small prospect p i t s  and two rotary d r i l l  holes. Six 
samples collected from t h i s  area contained Be0 i n  a range between 0.41 and 2.0 
percent. The beryllium mineral from t h i s  zone was ident i f ied by the Bureau 
(29) a s  a hydrous beryllium hydroxide i n  a basic, homogeneous, red tuff  com- 
posed almost en t i re ly  of volcanic glass. 

A spectrographic analysis of a composite sample from the Honeycomb Hi l l s  
indicated the presence of cesium, columbium, and rubidium. 

Sheeprock Mountains Claims 

The Sheeprock Mountains claims ( f ig .  21, loc. 30) cover approximately 6 
square miles i n  a granite range i n  southeastern Tooele County. Clustered and 
i r regular ly  disseminated beryl crysta ls  occur i n  a light-colored granite;  the 
known beryl-bearing area i s  about 3 miles long, 2 miles wide, and probably 
ranges over a ve r t i ca l  distance of 1,000 fee t .  

Three ad i t s ,  a l l  i n  granite,  have been driven into  the north slope of 
Hardluck Canyon. The upper a d i t  i s  725 f e e t  long, the middle a d i t  50 f ee t  
long, and the lower a d i t  255 fee t  long. Material from the three ad i t s  has 
been stored i n  marked stockpiles along the floor of the canyon. A survey of 
the stockpiles with the portable beryllium detector indicated very l i t t l e  
beryllium. A sample from the upper a d i t  stockpile (406 t o  411 f ee t )  contained 
0.02 percent BeO. Another sample from the upper a d i t  (274 to  288 fee t )  con- 
tained 0.005 percent BeO. Other stockpiles gave negative resu l t s .  

The walls of the upper ad i t  were scanned with a portable detector. 
Sparsely dis t r ibuted beryl c lusters ,  blossoms, o r  individual beryl c rys ta l s  
were v i s ib l e  i n  the exposures. Scanning indicated tha t  v i s ib l e  beryl is 
present when a significant beryllilnn content i s  detectable. A sample contain- 
ing a v i s ib l e  beryl c luster  and two samples without v i s ib l e  beryl, but which 
produced a s l i gh t  count on the instrument, were returned for  laboratory 
analysis  with r e su l t s  a s  follows: 



Sample : . BeO, percent 
Right r i b ,  244 t o  249 feet . . . . .  ...................... 0 
Left r i b ,  244 to  249 feet . .  .......................... 0 
Left r i b ,  277 feet., 3-1/2 f ee t  above track,  .......................... limonite-stained beryl pod 3.65 

These resu i t s  supported the conclusion that  Sheeprock Mountain grani te  
samples with a significant beryllium content always contain v i s i b l e  beryl. 
The Sheeprock deposit eventually may be of interest  because of the large 
amount of low-grade beryllium-bearing material available. 

Vanguard Research Property 

The Vanguard Research property comprised located and patented claims cov- 
ering 23.48 square miles i n  western Tooele County ( f i g .  21, loc.  32), 5.9 
miles southwest of Gold H i l l .  

Complexly faulted,  undifferentiated sedimentary rocks of Carboniferous 
age form the northern portion of the Deep Creek Range. A stock of s e r i c i t i zed  
and chlor i t ized quartz monzonite intruded the northeastern portion of the 
range. The area i s  part of the Gold H i l l  mining d i s t r i c t  which was developed 
for  gold, s i l ve r ,  lead, zinc, arsenic,  molybdenum, and copper. 

I n  the v ic in i ty  of Rodenhouse Wash, beryllium occurrences have been fouqd 
i n  carbonate veins along quar tz i te  bedding planes. Nolan (2) r e f e r s  t c  t h i s  
a s  the Climax mine area ( f ig .  25). 

Beryllium occurs a s  the mineral bertrandite in  grains about 10 microns i n  
size.  Grains may occur a s  c lus te rs  a s  much a s  250 microns i n  s i ze ,  but more 
often a s  individual grains. The bertrandite is in  the quartz-carbonate veins 
and probably is associated with andalusite. Beryllium was a lso  found i n  small 
pockets within the quartz monzonite eas t  of the Climax mine and on a few of 
the mny mine dumps dotting the western portion of the property. 

I n  a portion of the Climax area known a s  the North section ( f i g .  25). 
beryllium is found over a length of 6,000 f ee t  i n  a north-south d i rec t ion ,  
over a width of 1,000 f ee t  i n  an east-west direction,  and aver a v e r t i c a l  
range of 600 feet .  The higher grade beryllium occurrences i n  the North sec- 
t ion appeared to  be confined t o  a 150-foot-wide s t r i p  along the eastern border 
of the quar tz i te  and to  a 100-foot-wide s t r i p  along the western border. Gen- 
e r a l ly ,  where beryllium minerals were indicated, the rock had e i the r  a vuggy 
or  sugary appearance with some s l igh t  limonite staining. The Be0 content of 
samples collected from the North section ranged up to 0.30 percent; selected 
samples have contained a s  much a s  1.56 percent BeO. 

The South section i s  similar to  the North section except the quar tz i te  
exposure i s  not a s  large ( f i g .  25). The South section i s  approximately 3,500 
f ee t  long, about 200 f ee t  wide, and 300 f e e t  high. An average content of 0.14 
percent Be0 was indicated for  t h i s  area. 
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FlGURE 25. - Geologic Sketch Map of Port of the Vanguard Research Co. Property, 
Tooele County, Utah. 



Development on the property consisted of the numerous prospect p i t s  and 
trenches and the large- and small-scale mining done i n  previous years. 

This deposit appears t o  have a s ignif icant  tonnage potential  f o r  low- 
grade material that  could be cheaply mined. 

Other Sta tes  

Other Sta tes  included i n  the nonpegmatitic beryllium reconnaissance 
program were Nebraska, North Dakota, South Dakota, and Wyoming. 

Nebraska--No samples were collected. Infonmtion from geologists  was 
negative a s  t o  any occurrences of beryllium. 

North Dakota--Samples of clay and l i gn i t e  deposits t es ted  i n  the  labora- 
tory gave essen t ia l ly  negative resul ts .  

South Dakota--A chemical analysis of 9.2 percent Be0 was reported i n  one 
deposit. Examination of t h i s  deposit did not ver i fy  t h i s  assay. 

Wyoming--The Bear Lodge mining d i s t r i c t  was examined on the basis of 
beryllium association with fluorspar. Samples collected gave up to 0.03 
percent Be0 by chemical analysis.  
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1. Abr i l  mine.. .. 

APPENDIX A. - PROPERTIES MVgSTIGATED FOR NONPEWTITIC BERYLLIW OCCURRENCES u 
01 

2. Beryl Hi11 
(7 claim.). 

3. Cordon (San 
Juan) mine. 

Property 

4. Johnson Co.... 

County 

5. L i t t l e  Lulu 
(23  claim.). 

Location 
CO-dity 

7. S i l v e r  LWip 
(20 claim.). 

P r inc ipa l  
DBtectorl I Chemicala 

Type of depos i t  

8. Texas Group 
( 2  p t e n t e d  
ch ima) .  

9. Tungsten King 
(12 claims).  

.mT7n.," 

10. Thornpaon Beryl 
( 5  claims).  

11. Wakefield mine 
(15 claims).  

12. A p e h e  mine... 

R-rks Development 

13. Breadpan 
Beryllium 
( f i g .  7). 

BeO. percent 

. .do.. . . . SWkUEt ses 23, I T 14 S,  R 2 6 E .  

.. do..... LUUIBI: .ec 21, T 
14 S. R 27 E. 

.. do..... 

.. do..... 

.. do..... Seca 14,  15, 22, 1 ;;.Ey 20 s ,  R 

See8 23, 24, 25, 
26. T 1 5 s .  R 
22 E. 

secm 13. 14,  23. 
24, 25, 26, T 
2 0 s .  R 27 E. 

..do.. . . . 

..do ..... 

..do.. . . . 

Cu, Pb, 
Zn. No. 

SWWI: s i c  18, T 
17 S,  R 3 1 E .  

Ses  6 ,  T 16 S. R 
22 E. 

Sac. 14,  23. T 28 
S , R  27 E. 

i1e ...... 
..do ..... 

Be........ 

See 10. T 5 S. R 
16 E.4 

T 9 N. R 12 E... 

Taf t i t e  between Paleozoic 
limestone and Te r t i e ry  
g r a n i t e  T a f t i t e  
contain. he lv i t e .  

Beryl i n  quar tz  ve in s  a long 
b i o t i t e  gneiar end porphy- 
r i t i c  g r an i t e  contac t .  

CU, zn....I Replacement bodies i n  t a c t i t e  I 1. 0.01, 0.01 .... 
and limeatone. 

5 a d i t s  with 
d r i f t s  and 
r a i s ea .  

2 trenches. . . . . . . . .  

Zn, Pb.... 

CaF. Be. 
Hn. Cu. 

C"........ 

Aqwmarint 

0.01, 0. 0.15, 0 ,  
0.005, 0.01, 0. 

T a c t i t e s  conta in ing  h e l v i t e  
between Paleozoic limestone 
and T e r t i a r y  g r an i t e  (4) .  

W, Be..... 

Metamrphoeed limestone t e s -  
t i r e  and porphyr i t ic  
g r an i t e .  

Shear zones i n  Precambrian 
s e h i a t  (4) intruded by 
g m n i t e .  

A p l i t i c ~ d i k e l  i n  p r p h y r i t i c  
g r an i t e .  

Fau l t  zones i n  t s c t i t e  between 
limestone and q w r t r  monro- 
n i t a  porphyry. 

quar tz  ve in s  along Precambrian 
s c h i s t  and T e r t i a r y  g r an i t e  
(4) contac t .  

Zn, Pb, 
C". W, 
Ag, Au. 

AqULmLrine 

2 opencut.. 3 
p i t s .  and bu l l -  
dozer s t r i pped  
area.  

3 a d i t ,  wi th  d r i f t s  
snd raise ' .  

System of mall 
t renchel  an dikes.  

Hn . . . . . . . . 
Be ,  Cu, W .  

A p l i t i c  dikee i n  g r an i t e .  I 

0. 0.03, 0.04, 
14.7. 

0 ,  O . . . . . . . . . . . . .  

1.27 ........,.... 

3 a d i t n .  1 s h a f t .  
and s eve ra l  
openwts .  

2 a d i t s  with crass- 
c u t s  end d r i f t s .  

Sedimentary r a k s  in t ruded 
by r h y o l i t e  and andes i t e .  

0 ,  0 

17 sample, f i e l d -  
scanned. 

F i l l e d  f r a c t u r e s  i n  Gi la  
Conglomerate (I). 

Vein type depos i t s  i n  Pre- 
cambrisn schist (2). 

3-11 p i t s  ......... Fie ld  scanning.. . I 

pf t rogrnphic 
arullysie i nd i -  
:sted presence of 
X ,  Be. Cd. and 
a. 
xyl l ium-bear ing  
tone i s  8-11; 
+ e n t i e l  
~ppea red  l imi ted .  

p c t r ~ g r ~ p h i c  
m a l y a i s  indi -  
:ated presence of 
X ,  Be. and C.. 

905-ft  s d i t  with 
c ro s scu t s ,  500-ft  
s d i t  with 70-f t  
winze, 65-f t  h a f t  
~ i t h  30 - f t  r a i s e ,  
35-ft  a d i t ,  inae- 
c e s s i b l e  s h a f t ,  
and numerow sur- 
face cu t s .  

4 la rge  and severa l  
small opencut.. 

5 explora tory  d r i l l  
holes ,  1 bulldozer 
trench.  1 open 
p i t ,  and  5 
opencute. 

:m stone 

0 ,  O. . . . . . . . . . . . .  

0.012, 0 

Appendixes B and 1 

deposi t .  

m p l e s  ranged t o  
3.50 percent BeO. 

:m stone depos i t .  

3 aamplee co l -  
lec ted  by Bureau 
lngineers  ranged 
to 0.55 percent 
aeo. 



14. Chriatrms ... do ..... t W t  8ec 29, T 4 
mine. I I S. R 16 E .  

15. Cline WO, ... 
mine. 5 N ,  R 9 E.4 

17. Becondido ... 
R 14 E . 4  

18. F iber  King.... ... 

19.  Gibson ........... do..... Sec 2;. T 1 6 ,  1 1 R 14 E . 4  

20. Hope mine..... ... do..... SWSEWE@Wf me= 
19. NEkSEt aec 
30. T 6 N, R 
14 E .  

... ..... 21. J o n u  Q Ses 24, T 9 N. 
Beryllium R 12 8.4 
Rompeft .  

22. Jon.. ... do.. ... SWk8Eh .ec 20. 
Barite-  T 9  N. R 13 E. 
Fluo r i t e .  

23. P a s b r d  ... do..... Sec 16. T 6 N,  
Fluorspar.  R 11 E. 

24. Snyder ... do.. ... See 28, T 1 8 ,  
Property R 14 E.4 
( 3  claim'). 

25. Walnut Creek.. ... do.....  EWKk set 23, 
W+Wk sec 24, 
T 9  N, R 12 8.4 

26. Weatlake ... do..... 
Tunsaten 
(52 claims).  

27. Apache Tin Gxahm.. , . 
(15 claims).  

... 28. Black Beauty .,.do.. 
( 3  c la ims) .  

I See 31. T 7 S. 
R 3 0 s .  

29. Twilight and ... do..... Ses 10, T 9 S, 

Grey I R 23 E .  
(22 claim.). 

See f o o t o t e ~  a t  end of t ab l e .  

1. ...... 

. CPP. .. 

. Cap. .. 

e ,  Mn, 
C". Ptl, 
en, A8. 

sbestc,s .  

U ....... 

........ 

L ....... 

., C.P. 
Cu. 

SF.. .... 
U ....... 

....... 

, Pb. Ct 

n, Fe... 

........ 

:u segregation. and v e i n s  i n  Sha f t s  with under- 0 ,  0.007 ........... 
Precambrian rocks. ground workings. 

k c t i t e  rone between R e -  
cambrian Mereal Limeston3 
(5) and i n t ru s ive  gabbro. 

ie rpent in ized  Precambrian 
Mescal Limestone (5 )  
in t ruded by diabaee.  

Zracture system i n  Pre- 
cambrian P i ru l  Sch i s t  (5).  

;mall quar tz  ve in s  i n  g r a n i t e .  

.............. do .............. 

re in  i n  Bone between R e -  
cambrim Dripping Spring8 
Q u a r t z i t e  (5) and a l t e r e d  
disbaee.  

? au l t  rone i n  gne i s s i c  
g r an i t e  (16).  

Pault zones i n  g r an i t e  
i a t rud ing  Recambr im  
~ i n a l  Sch i s t  (5).  

Ll te ra t ion  rone i n  Recam- 
b r i sn  Pina l  Sch i s t  (z), 
prgmatite i n  area. 

2 i n a c c e ~ ~ i b l e  
s h a f t s  and numer- 
ous opencut.. 

235-ft  a d i t  wi th  
200 f t  of crow- 

............ I 2 sha f t8  ( c o l l a r s  0 ,  0.01 
caved) and numer- 
ous surface  cute .  I 

0.005, 0.005 ....... 

0. 0 ............... 
c u t s ,  1 inssoes- 
~ i h l e  s h a f t ,  m d  
aevera l  opencutr. 

55-ft sha f t  v i t h  
65-f t  d r i f t ,  and 
2 l a rge  opencuts. 

4 a d i t s  ............ 

4 ad i t .  and bu l l -  0.013, 0.02 ........ 
dozer c u t s  and 
trenches.  

............... 0.01 

0 ,  0 ............... 

S n r l l  p i t . .  ........ 0.01, 0.14. 0.087, 

4 bulldozer 0 ,  0 ............... 
t renches and 
60-f t  i nc l i ne .  

.............. 250-ft  tunnel and 0 ,  0.  
75-f t  a h i f t  v i t h  
65-f t  d r i f t .  

2 m r t z  vein. i n  g r an i t e .  ...... 3 a d i t s  ............ 0 ,  0. 0 ............ 

None  ............... 0.005, 0.005, 
0.007. 0.007. 
0.01, 0.005, 
0.005. 8 no BeO. 

[mportant source 
of low grade Cu 
ore (38). 

i rmll  W producer. 

I i n e r a l s  i n  l ave r  s ec t i on  of 
diversified rhyo l i t e a .  

icheel i te -bear ing  quar tz-  
tvurmaline ve in s  i n  Rcosm- 
b r i m  s s h i s t  (6) and g ran i t e .  
i 
Pegmatitee i n  s e rpen t in i r ed  
Precambrian s c h i s t  (9. 

Do. 

Surface cuta  ....... 
lac$= opencut and 

severa l  small 
sur face  cu t s .  

Several  ems11 ad i t s  
and surface  cu t s .  

Lichest Cu pro- 
ducer i n  Arizona 
from 1900-12. 

tdle--1962. 

ire. approxi-  
mately 1 mile i n  
ex t en t  a long 
creak bed. 

3ma11 tungsten 
producer. 



30. m n i e l s  Camp. 

APPENDIX A .  - PROABTIES INVESTIULTED POR NONPEWTITIC BEBYLLIW OCCLRRENCE5--Continued 
"7 
ar 

31. Pourth of 
Ju ly .  

32. Lucky mine*.. 

BeO. percent  Remarks 

34. Pol ly  Ann.. .. 

Development 

35. Big s p r  
( 2  c l a i m ) .  

c o m d i t v  
R o p r t y  

36. F ly ing  Saucer 
(6 c la ims) .  

37. Gold C l i f f  
( 4  w t e n t  
clnimo. 9 
u n p t e n t e d  
c l a i m ) .  

38. Norps Group 
(6  c la ims) .  

Detector1 IChemiosla 
P r inc ipa l  

39. Tombstone 
(4  c h i m a ) .  

ARIZONA--Continued 

Type of depos i t  county 

40. Boriana mine. 

Location 

41. Plo-Ber,... . .  

reenlee.. S E W *  sec 5, 
T 7 S. R 32 E. -I--- 

.. do..... SEkSWL. eec 33, 
T 6 S ,  R 32 E, 
NEk Hlt aes 4 ,  
T 7 8 ,  R 32 E. 

..do ..... SWWt sec 3. 
NEf lklk sec 10. 
T 7 S,  R 32 E. 

..do.. ... NEW% sac 15, I T 7 S ,  R 32 E. 

.. do..... S E W k  set 4,  
N E W t  sec 9 ,  
T 7 S ,  R 32 E. 

m i c o p . .  NEt see 5, T 6 N 
R 5 W .  

.. do..... Sec 11. T 6 N. 
R 4 E .  

..do.. ... NEk sec 6. T 4 
N. R 10 W.  

ohave.... Secs 7 ,  18,  19,  
T 18  N. R 15 U 
secs 11. 12, 1 3  
14, T 18  N ,  R 
16 W .  

..do.. ... SEMR sec 19. I SWkIWt ,  aec 20, 
T 1 0 s .  R 12 E .  

....... :BP A l t e r ed  r o w  i n  s n d e s i t e  I porphyry and b recc i a .  

...... :aP, Un... Vein system i n  vo l ean i c s  

....... CaP Lenses i n  s n d e s i t e  and 
r h y o l i t e  d ikes .  

Cap....... Lenses along c a n t a c t  of 
andes i t e  and in t ruded 
r h y o l i t e .  

CaP ....... Lenses i n  v e i n  c u t t i n g  
a n d e s i t e  porphyry. 

CsF ....... Veins i n  g r a n i t e .  ............. 

U.. . . .  .... Porphyry d ikes  i n  g r a n i t e  ... 
U ,  CU, Pe-tite m r t e r i a l  i n  schimt 
CaP. No. and g r a a i t e .  

8.. Cal'. Q ~ a r t r  vein. i n  contac t  a long 
Cu. Recsmbl.ian s c h i s t s  ( I )  

in t ruded by g r a n l t e .  

..... u ,  CaF, Disseminations i n  g r a n i t e  
Be. 

U. Cap, Lenses i n  s m l l  qua r t z  v e i n s  
Be. i n  Precambrian p h y l l i t e  (4). 

Cap, Cu... Veins i n  contac t8  a long Pre- 
cambrian s c h i s t  in t ruded by 
T e r t i a r y  g r a n i t e  (9 ) .  

Cu,  Au.... A l t e r ed  area i n  q u a r t z i t e  I in t ruded by g ranod io r i t e  
porphyry end d i o r i t e .  

....... a r g e  t rench 

48-f t  i n c l i n e  wi th  
d r i f t s  on  48-, 
102-, and 148-f t  
l eve l s .  102-f t  
l e v e l  staped t o  
sur face .  

i n c l i n e s  wi th  
d r i f t s .  

: 100-f t  s h a f t s ,  
l a rge  apenout. 

I 185-f t  s h a f t s  
wi th  d r i f t s  and 
scopes.  

0 5 - f t  i nc l i ne  with 
100-ft  of d r i f t -  
i ng ,  s eve ra l  sha l -  
low s h a f t s  and 
surface c u t e .  

levers1 a d i t s  and 
su r f ace  cuts. 

i s h a f t s  and sov- 
e ra1  sur face  cu t s .  

!O-ft s h a f t  and 
s eve ra l  su r f ace  
c u t s .  

imounta t o  over 3 
mi les  on 12 
l e v e l s .  

1 s h a f t .  4 e d i t s .  
and s eve ra l  
su r f ace  c u t s .  

! s h a f t s  and 2 
i n c l i n e s ,  
i n a ~ c e s s i b l e .  

dle--1960. 

Do. 

Do. 

Do. 

Do.  

Do .  

Ipectrographic 
a n a l y s i s  i nd i -  
c a t e d  presence 
of Li. Ru, Be. 
and G.. 

'remier W producer 
of Arizona.  



43. Copper Glance 

44. Gold King.... 

45. Lemjipfre 
( R e e n f i e l d  
S ta te  Lease) 
(2  claim*). 

46. New Cornel ia ,  
Well NO. 1. 

47. Palo Verde 
end Mineral 
H i l l  mines. 

48. Utah 
( 2  claims). 

49. Black Butte 
( 1  claim). 

51, na ry  
(21 patent 
c l a i m ) .  

52. Hillmi& mim 

54. Black Bird 
(4  claims).  

See tootnote. a t  

Em); sec 6. 
T 1 8 s .  R 13B. 

IEltlE); aec 10. 
T 2 0 s .  R 7 E. 

E@Ek sec 10, 
T 22 5 ,  R 1 5 E .  

lElSEf sec 24, 
T 7 N. R 17W. 

Cu ....... 

C". A", 
Mn . 

W, Be.... 

- 

cu ....... 
cu ....... 

M" ....... 

Zn, Pb, 
Cu, As. 
Fe . 

nn. ~ b ,  
*a. 

cu. 20. 
Pb. As, 
Au. 

W, Be, 
CsF, Bi ,  
Ma. 

Mn ....... 

l a c t i t e  eone between Paleozoir 
limestone and Ter t iary  
grani te  (2).  

:ontact .ones batween Pre- 
cambrian s f h i a t  (9) and 
porphyry dikes. 

Precambrian s c h i s t  (9)  
intruded by pegnutice, por- 
phyr i t i c  g ran i t e ,  and phono- 
l i c e  porphyry.6 

3xtrusive voleanics .......... 

:U minera l imt ion  i n  t a c t i t e  
zone,. 

h c t i t e  zone between s i l i c i -  
f i e d  limeetone and grani te  
containing small pegnutitee.  

Breccia rone i n  phanolite 
. P ~ P ~ Y ~ Y .  

:retaceou. aedlmentariem (9 )  
Intruded by grani te .  Cmple: 
f a u l t i n *  i n  both nediments 

~ " 
and grani te .  

Lensea i n  f a u l t  rone between 
Paleozoic limeetone (2) 
and grani te .  

h r t r  vein. i n  Precambrian 
mica .chist (lo). 

?uartz veine f i l l i n g  shear 
eone i n  grani te .  

$hear rone i n  andenite por- 
phyry and tuffaceous 
agglomerate. 

75-ft s h a f t  with 0. 0.. ............. 
l eve l s  s t  160. 
300. 400, 525. 
625. and 675 f t .  

everal inacceaai- 
ble sha f t s  and 
a d i t s  with d r i f t s ,  
and 2 new 
incl ines .  

5 - f t  sha f t  and 
3 p i t s .  

600-ft shaft..... 0. ................. 

h a f t s  with under- 
ground working8 
and open trenches.  

adit .  and n few 
surface cuts .  

umerous shef ta .  
a d i t s ,  trencher.  
and opencut.. 

6,000 f t  of under. 
ground developmenl 
from 165-f t  s h a f t  

Fie ld  .canning 
negative. 

.................. 0 

pen trench with a 
70-ft  #ha f t  in  
aouthern end with 
d r i f t s  and stnpes.  

.hafts with 
l eve l s  every 100 
f e e t  or l e s s .  

Mine 0, Tai l ings  
0.08. 

0 .................. 

0 .................. 

heft. sunk f o r  
domestic end 
indus t r i a l  water. 
Produces 6.000 
gpm. F reported 
i n  water. 

11). 

,000-ft sha f t ,  
500-ft h a f t ,  
1,400 f t  of 
drift . ,  and 5 
shrinkage stop..  

arge trench ....... 

3,945 cons Pb, 
and 15,218 t ans  
Zn (2) .  

0.07, 0.03 

0 .............. ..., 

ine now serve. .a 
a domestic water 
supply f o r  Bagdad. 



APPENDIX A. - PROPERTIES INVESTIGATED FOR WONPEWTITIC BERYLLIM OCCWNCES--Continued 

55. Black Buck 
and Buckhorn 
(16 claims). 

56. Black Crow... 

57. Black Diamond 
NO. 1 
(6 claims).  

58. Blssk nountail 
( 4  claim.). 

59. Blue Eagle 
(11 c l a i m ) .  

60. Burro Be r i t e  
( 8  c la ims) .  

61. C..tle mrs 
d i s t r i c t .  

62. Continental  
(mrd luck  
No. 1) .  

63. Ooldan Jack 
pot.  

64. Neaa. He... 
and L i l l y  
( 3  claim.). 

65. H i m  de 
Heikm. 

66. National  Debt 
( 4  cleims).  

67. Pay Day ....... 

68. Peggy "8" 
( 2  claims).  

69. Red Chief 
(Be r im)  
(21 claims).  

lunu ...... He* see 33, T 1 
N,  R 12 W .  

do..... NEk eec 13, T 10 ... I N, R 17 W .  

do..... SWkSEk aec 34, ... 
T 9 N,  R 16 W .  

... do..... Sass  18,  19, 20, 
T 5 N ,  R 1 2 w .  

do..... Sec 31, T 6 N. ... 
R 17 W .  

do..... Seca 35. 36, T 4 ... 
5 ,  R 19 W .  

do..... SKkNZt ..c 10. ... 
T 1 0 N . R  17W. 

... do..... NEWk eec 4 ,  
T 3 6 ,  R 23W. 

do SEl; sec 26. T 2 ... ..... 
S, R 23 W . 4  

do..... Sec 29, T 7 N,  ... I R 17W. 

... do ..... S E W *  seo 3. 
T 3 5 ,  R 23 W .  

do..... Sec 21, T 6 N ,  ... 
R 17 W.  

Gneissic granodior i te  
in t ruded by g ran i t e .  I n t c r -  
bedded a a d e s i t e  and t u f f  
northwest of property.  

Mn ........ Contact zone between g ran i t i '  
gneiss  and andes i t e .  

Ba, CaF... Vein* i n  f r a c t u r e  zone 
between baea l t  and t u f f .  

W ......... Quartz s t r i n g e r s  i n  Presam- 
b r i m  s c h i s t  and gneiss  (g: 

R o p r t y  County Location P r inc ipa l  Type of  depos i t  
coo mod it^ 

ARIZON4--Continue 

sa. DsF, 
Ph. Zn. 

Lense. i n  f r a c t u r e  rone i n  
volcanic  agglomerate. 

Breccia zones i n  quer tz  
monzonite . 

........ Cu Fracture  zone between Pre- 
cambrian p h y l l i t e  (ll) end 
andes i re .  

Pncture .  i n  Recambr im  
s c h i s t  and gneiss  (s) 
near g r an i t e .  

........ Mn Faul t  eone i n  interbedded 
t u f f  and c i n d e ~ i t e  porphyry. 

Pb. Zn, 
Mn, Ba. 

Nn ....... 

Be. C!aP.. 

M" ....... 

Faul t  rone i n  interbedded 
endes i te  porphyry and t u f f .  

Frac ture  rone between t u f f  
end tuf faceous  agglomerate 
remnant i n  r h y o l i t e  
porphyry. 

9uartzo.e ve in s  i n  cant.act 
between granodior i te  and 
porphyr i t ic  r h y o l i t e .  

Faul t  =one i n  t u f f  and 
andes i re  porphyry. 

Ba, CaF... Frac ture  zone@ i n  
aggl-rate. 

Development BeO, percent Rewrks  
Detector' I Chemical' 

i d i t ,  i nc l i ne .  
and trench.  

3everal  a d i t s ,  3 
open p i t s .  and 
bulldozer 
s t r i pp ing .  

B t renches and 
2 .hafts .  

45-ft s h a f t .  numer 
aue a d i t s  and 
surface  eu t s .  

Surface cuts. . . . . .  

S b f t s ,  i nc l i ne s .  
a d i t s ,  t renches ,  
and pit.. 

125-ft  tunnel with 
a 75-f t  d r i f t  and 
a 35-ft  stope and 
surface  cute .  

70-ft  tunnel ,  
25-ft  s h a f t .  
30-ft  s h a f t .  and 
4 pit.. 

2 a d i t s  and s ide-  
h i l l  c u t .  

O e d i t s ,  2 
i nc l i ne s .  and 
3 shaf ta .  

i r s e  t rench and 
numerous small 
sur face  eu t s .  

rurface cut,... . . .  

2 t renches  ........ 
;",face cut....... 

srge Hn producer. 

- 



70. Red Cloud.... 

71. Sand Gone.... 

72. Shaep Tank. 
(14 p t e n t  
c la ims,  61 
u n p t e n t  
claims).  

73. Sqww T 
( 4  claim.). 

74. Three 
Muaketeer. 
( 6  clnimn). 

75. Turquoise 
mine. 

76. Vampire mine. 

77. Whits 
Chri.txm. 
(7 Cl.irn.). 

78. White Rock.. . 

..do ..... Secs 26, 27, 34, W ,  Cu.... I 

..do.. ... EUk *BE 6 ,  T 1 S ,  
R 14 W ,  NB1; eec 
1, T 1 9 .  R 
15 w. 

.do . .  ... 

..do ..... 

A Y ,  Mn. 
Ag, Pb, 

1. Red Spruce 
miae 
(10 claims). 

SEW&* aes 11, 
SUtSWk aec 12. 
T 7 N.  R 17 U. 

Sec 17, T 7 N, 
R 17W. 

2.  Brown's 
Canyon. 

3. A t l a s  
(15 c la ims) ,  

C.P.. .... 

....... Be 

No, Be. 
CaF, Ti.  

Be ....... 
- 

8.. Cap.. 

Ba, CsP.. 

Boulder... 

4. Ca l i fo rn i a  ... do..... 
mine ( 3  
p t e n t  
claims).  

5. CYAC ... do..... 
(73  claim.). 

6. Rico Dolores... 
Argentine. 

Fault zone i n  t u f f ,  sndes i t e  
porphyry, and r h y o l i t e  
brecc ia  over ly ing  Precam- 
b r i an  s c h i s t  in t ruded by 
g ran i t e  and p e p a t i t e s .  

Sec 18,  T 2 N ,  
R 71 w.  

Chaffee... 

... do..... 

Sec 27, T 51 N,  
R 6 E.6 6 

Seo. 23, 24. 25, 
26, T 51 N ,  
R 6 E.4 0 

Seca 25, 26, 35, 

Fracture zones f i l l e d  with 
g r a n i t i c  ma te r i a l  i n  
tuffaceous agglomerate. 

Fault  zone i n  complexly 
folded and f au l t ed  
e l t r u s i v e  rocks. 

Sees 22, 27, T 5 
N. R 8 E, 
N.H.P.M.' 

Sec 19, T 51 N,  
R 7 E.4 

1 See footnotes  a t  end of t s b l e .  36. 11 W . 6  T & O N ,  R 

:ontact zone between roof 
pendants of Precambrian 
a c h i s t  (2) and graphic 
g r an i t e .  

Discontinuous qua r t s  ve in8  
i n  s c h i s t  and limentane 
near gran i t e .  

P i l l ed  f r s c tu ree  i n  r h y o l i t e  
porphyry. 

Fracture zone i n  ande l i t e  
brecc ia .  

F i l l ed  fracture.  i n  andes i t e  
porphyry m d  t u f f .  Remnant. 
of phy l l i t e  outcrop i n  area. 

Fi l led  fracture.  i n  i n t e r -  
bedded rhyo l i t e  and andes i re  

COLORAM 
Fiasure i n  Refambrian schis t  

leryll ium minerala i n  vugs. 
m i a r o l i t i c  cevit ie. ,  and 
bleba i n  Mount Antera 
Granite ( I ) .  

X e  i a  i n  Mount Antero 
Granite (1). 

le ry l l ium minera ls  i n  d i s -  
Bemin~ted pods i n  n l t e r e d  

Mount Antero Granite (3). 

l eve l ;  l a rge  
trench.  

2 small p i t s . , . . . .  

Adit., tunnel.. 
t renches ,  and 
p i t a .  

3 p i t a .  1 trench 
with ma11 a d i t .  
and 2 bulldoner 
cut.. 

65-ft  s h a f t .  110-f 
s h a f t  (both with 
d r i f t i n g ) ,  tunnel 
30 t o  100 f t  long 
and surface cu t s .  

Shaft ............. 
20-ft tunnel and 
surface  cuts .  

Wenches and p i t s .  

rrenches and bu l l -  
dozer cu t s .  

100-ft  s h a f t .  15-f 
i nc l i ne  and tunnel 

$inea and 
prospects 

..... Small p i t s . . .  

50-ft  i n c l i n e ,  
90 - f t  e rosocut ,  
end 350 f t  of 
d r i f t s .  

Large p i t  and 
trenches.  

I. 0 .............. 

o.. .  ............. 

Tracture =one. 
have minor radio-  
a c t i v e  anomsly. 

tdle--1963. 



APPENDIX A. - lROmTIES IWPSTIGIITED @OR NONPEQIATITIC BKUYLLIW OCCLhWENCES--Continued 

Property ( County ( Location ( P r i n d p a l  ( Type of deposi t  I 

7. El Pano Group 
( 8  c l a i m ) .  

8. st. Peters 
Dome (Coman- 
che Group). 

9. Big Dike Lode 
( 3  c h i n a ) .  

10. Cebolla Creek. 

11. Henson M i l l . . .  

12. Northgate 
D i s t r i c t .  

13. Cb l l snger . . . .  

14. Wagon Wheel 
CsP. 

15. A h C 
(2 claim.). 

16. Boomer mine 
(2  p t e n t  
claims, 
16 unpatent 
claime). 

17. Guernsey Gulct 
( 4  c l ~ i m s ) .  

18. Hazel Marie 
( 4  claims).  

19. L i t t l e  John 
(4  claims). 

1 paso.. 

.. do.... 

rand.. .. 

unniaon. 

inedala.  

askeon.. 

p rimer.. 

i ne ra l . .  

~ r k . .  ... 
.. do.... 

.. do.... 

.. d o . . . .  

..do.. .. 

3ec 7, T 1 5 s .  
R 67W. 

iecs 13-17. T 15  
S. R 67 W.  

HUE); sec 2,  
N & S a  and N E W 1  
eec 3, T 4 N,  
R 78 W.  

iec  34. T 44 N. 
R 4W.b 0 

C 11 N,  R 79 W. 

iecs 22. 23, T 8 
N,  R 72W. 

S e a  1. 2, T 40 
N.  R 1 E.' 

5% sec 17, T 
5 ,  R 75 W.  

iec 22, T 11 S ,  
R 72 W.  

Be, TI.... 

CaF ....... 

r i ,  Cb, 
Ta . 

Cap ....... 

Be ........ 
COP ....... 
Be ........ 
Be, A& 
cu, Pb, 
CaF. 

:aF.. ..... 
Be. ....... 

Be. W..,.. 

raf ture  =we. i n  Pikes Peak 
:=mite (l5). 

?inn i n  Pikes Peak 
:=mite (5). 

~ u l t  EOM i n  North Park  
Sandstone f i l l e d  wi th  
i i o r i t e  porphyry. 

xgnetite,  i lmenite,  and 
peravskite i n  f r a c t u r e s  of 
Precambrian pyroxenite stock. 

? ins  i n  Recambrisn g ran i t e  
and 8chi.t. 

Lsaure zone i n  Precambrian 
nica sch i s t .  

l ina  i n  r h y o l i t e  and 
~ n d e s i t e .  

reisen i n  grani te  ............ 
r e i k  along contact of 
pegmstite and mica s c h i s t .  

....... Llled ve ins  i n  g ran i t e  

~ r y l l i l l m  minerals i n  greisen 
Ln Pike8 Peak Granite.  

1 echelon beryl-quartz veins  
Ln b i o t i t e  gneiss.  

'its and trenches. .  Fie ld  scanning 
negative. 

;haft  and o p n c u t . .  80 ................ 

!7-ft  sha f t  ........ 0. 0 ,  0 ,  0. 0. 0. .  

1 diamond d r i l l  0 ,  0 ,  0 ........... 
holes ,  surface 
c u t s ,  and 4 
adit.. 

- 0 ................. 
:unnels and 0. 0. 0 .......... ,T 
surface cu t s .  I 

kench and pits. . .  . 0,  0.02 ........... I 
i0-ft  tunnel and 
surface cu t s .  

.05-ft shaf t  with 
l eve l s  a t  30, 50, 
65, and 105 f t .  
500-ft d r i f t s  and 
150-ft  r a i s e s ,  
lome t o  surface. 
219-ft sha f t .  

9.7, 2.27, 0.005. 
2.27, 1.68, 0.04, 
2.04, 0.11, 0.04, 
0.04, 1.21, 0.43, 
3.30, 0.12, 0.25, 
0.25, 2.38. 2.30, 
0.34, 0.06, 3.58, 
3.56, 10.92, 0.19 
0.02, 0.78. 1.93, 
16.05. 11.0, 
33 no BeO. 

. 0 ................. 
! #haf t s  and 8.60, 8.50, 6.00.. 
surface cute .  

!5-ft sha f t  ........ 

~ ~ ~~p 

leryllium enrich- 
riohment i s  low. 

:ompasite sample 
gave c0.01 p r -  
cent  cb-TD. 

pectrographic 
analyeis  ind i -  
ca ted presence of 
cs, Cb. Rb 
(22.34). 

:reisen i s  diseon- 
tinuous i n  shear 
zones over shor t  
d is tances .  
leryl r e s t r i c t e d  
t o  1%-Inch-vide 
discontinuous 
zones. 



11. C-nche...... Teller.... Sec 13, T 15 S ,  Be...,.... 1 1 R 6 8 W .  

20. American and 
Terry Tunnels 
(Sunny.ide 
mine). 

22. R a c y  
( 3  claims). 

San Juan.. .... 

... do ..... Sec 6, T 15 S ,  .... I R 68W. 

, Rhodonite-helvite deposits 
i n  Si lver ton Volcanica. 

Shear zones i n  Pikes Peak 
Granite near Mount Rma 
R a n i t e  (15). 
.............. do ............ 

I I I I - New Mexico 

2. Oren 
d i s t r i c t .  

3. Randview 
mine. 

4. Baker 
Standard 
( 4  e l s ins ) .  

5. 1ri.h Roee... 

8. San Pedro 
Copper (17 
patent 
claims, 4 
unpntent 
claimm). 

9 .  Turquoise 
p i t a .  

10. Alarm ........ 
11. lake  Valley 

mine (13 
patent 
claims).  

12. Universal 
( 1  of 10 
claims). 

See footnotes  a t  

- 
s r ~ l i l l  

D M  Am. 

rant.. .. 
ida1go.. 

Urn..... 

..do.. .. 

tero. .  .. 

mnta re .  

.. do.... 

ier ra . .  . 
.. do.... 

.. do.... 

- 
of tab1 

ecs  26. 35, 
T 16 S,  R 9 W .  

eca 20, 21, 
T 18 S ,  R 7 W.  

car, Pb... 

Zn. Pb, 
cu, W. 

Pb, Zn, 
cu . 

d ......... 

a ,  Be.. ... 

Pb, Zn. 
Be. 

cu. W.. . . .  

Turquoise. 

CaP. ...... 
H", Ag.... 

Car, Hn... 

'issure. and breccia zone i n  
qua r t z i t e  near grani te .  

Leplaceent bodies averaging 
4 f t  th ick near baae of 
lake Valley Limestone se r i ee  

leplaeement b o d i e ~  i n  
t a c t i t e .  

I fheel i te  i n  t e c t i t e  zone 
f i l l i n g  f a u l t  and shear 
sene i n  limestone. 

lurtn-wolframite vein  with 
sparse beryl  i n  micaceoua 
selvage. 

l e lv i t e  i n  t a s t i t e  zone i n  
Permian limeltone. 

lepheline syeni te  intrusion. 
i n  Permiaa-Pennsylvanian 
sediments (40). 

:ontact metsrmrphic bodies 
i n  limestone. 

k i n l e t s  and stringer.  i n  
a l t e r e d  quartz mnzoni te .  

r i ssurel  i n  ahatrered 
limestone. 

:rregular replacement bodies 
i n  cherty Mississippian 
l ines tone f a u l t  block i n  
rhyo l i t e ,  andesi te .  and 
mnzoni te  porphyry. 

reins i n  g r a n i t i c  and 
gneiss ic  Cebolls Mountah 
int rus ive .  Small p e g m t i t i c  
masae. present,  

Tunnels with 0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  
workings. 0, 0.03, 0.20. 

Adit and pi ts . . . . .  

l a r g e  surface cu t  
and d r i l l  holes.  

Bulldorer 
a t r ipping.  

Varied type 
mining. 

6.43, 0 ............ 

1.21. 0.78, 0 ,  O.. .  

Old atope and 
3 a d i t a .  

30-ft  sha f t  with 
30-ft  d r i f t .  
and 3 shaf ts .  

Shaf t ,  trench..... 

80-f t  ahaf t ,  20-ft  
sha f t .  and 
surface cut.. 

Sha f t s ,  trenches,  
bvlldozec c u t s .  
and p i t s .  

Unknown. Remains 
of 3 smelters and 
1 m i l l .  

Several pit... .... 

1 shaf t  and 
several  p i t s .  

Shaf ts  and inc l ine  
with several mile 
of underground 
workings and 
surface cuts .  

50-f t  s h a f t ,  120-f 
tunnel,  and 
surface cu t s .  

.08 (hanging well 

.14 (footwall) .  

i samples 
t o  0.10 

,014 

,002 
(dump) 

.024 

,002 
,007 
. O 1  

.02 

.02 
mine dump 
s l ag ) .  

- 

Beryllium e r r a t i c  
and dissontinuouo. 

Beryllium i m  
.parse. 

Spectrographic 
m r l y ~ i s  indi-  
ca ted presence of 
Sn. N i .  Rh. 
and Li. 

Production of 20 
mi l l ion  ton. of 
copper s ince  
1889. 

l a rge  Ag and Mn 
producer. Non- 
operating-1961, 

Beryl reported; 
none found i n  
pegmatites. 



e 
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13. I r a n  Mountain Socorro... Sec 35, T 9 S ,  
(10 c la ime) .  R 8W. 

14. Manganese ... do.. . . .  
corp .  of 
Amer i c s  
(6  claims).  

15. Warm Spr ing  ... do..... 
Deposit. 

, Sec 6 .  T 9 S ,  1 R 7 w .  

Pmper ty  County Loeation P r i n c i p a l  Type of d e p o ~ i t  
c m w d i t ~  

NW MEXICO--Cantinu( 

1. Cougar Spar 
( 3  pa t en t  
c.le.ims, 5 
unpatent 
c la ims) .  

2. Cove Creek 
Deposit 
(114 c la ims)  

3. Creole,  
H a r r i e t ,  
and Lincoln  
mines (7 
claims).  

4. Kvene and 
Sul l ivan .  

5. Mi l l e r  mine 
(30 elaims).  

6. M i l l e r  
R o s p e s t .  

CaF, W ,  Ribbon rock t a c t i t e s  conta in-  
Be, Fe, ing  h e l v i t e ,  d a n a l i t e ,  and 
Mn . o the r  Be minera ls .  

Mn ........ Fracture  zones i n  porphyr i t ic  
rhyo l i t e .  

Be.. ...... h u l t  zone i n  a l t e r e d  

Car. . . . . ,  . (2) ......................... I 

S ,  CaF.. .. Impregnated f r e s h  t o  'al tered 
r h y o l i t e ,  t u f f ,  and 
l imestone.  

: reo le  WtMit 
see 29; Ha r r i e t  
NP.WJwt sec 29; 
Lincoln hlW&Et 
8ec 20, T 29 S ,  
R 9 W.  

iW.LSKL ses 31, 
T 2 8 6 .  R 8W. 

IEmEJwt sec 20. 
T 2 8 S , R 8 W .  

IEWL sec 21, 
T 28 S, R 6 W.  

U, M..... A l t e r a t i o n  =one i n  r h y o l i t e  I and dac i t e .  

Development BeO, percent  Remarks 
Detector' I Chemicals 

0.15, 0 ,  0 ,  0.  

Surface cu t e  ....... 0.05 ............... 

7 t renches  and 1 8  1.60, 0.65, 0.33, 
d r i l l  holes .  0.29. 0.17, 2.00, 

0.83. 0.25. 

I 

r h y o l i t e - t u f f  agglomerate 
i n  r h y o l i t e  (2). 

SOmH WKOTA 

Laure t ta  ........ 9.2 Spect rographic  
( 3  claims).  R 4 E. mifaceous s c h i s t .  opencut,  and .01 a n a l y s i s  i n d i -  

p i t s .  .005 c a t e d  CP and Rb. 

l?rAH 

W.. ....... T a c t i r e  zone between lime- 
s tone  and g r a n i t e .  

W ,  Ile . . . . .  T a c t i t e  zone between f a u l t e d  
l imestone and g r s n i t c .  

Surface c u t 8  and 
some underground 
openings. 

I nc l i ne@,  tunnel .  
r a i s e a ,  and 
s topes .  

2 s h a f t s  and 
su r f ace  c u t s .  

130-ft  .haft ,  
122-f t  i n c l i n e .  
and nurface cute .  

P i t  ............... 

Surface c u t 8  and 
d r i l l  ha l e s .  

i e l d  scanning 
negative.  

pectrogrpphic 
a n a l y s i s  i nd i -  
c a t ed  presence of 
Be, Cs, Ga, L i .  
and Rb. 

pee t rogrrphic  
e.na1y.i. i nd i -  
c a t ed  proeence of 
Be. Cs, Gs, Li .  
and Rb. 



Fau l t  zone i n  limeetone 4 Shaft. and 2 tun- 
in t ruded by & c i t e  porphyry n e l s  in tercon-  
flows. nected and surface  

cut.. 

8. S t m t a  
Fluorspa. 
( 9  claim.). 

aF ,  U.. 

In, W... 

' Cap, 
Be. 

- 

..do.. ... e l d  scanning 
ege t i ve .  

See 25, T 29 S, 
R 16 W .  

9. Rainbow 
(6  c l a i m ) .  

10. Tuff beds... 
I Shear zones i n  r h y o l i t e  

f lows.  
ron ...... 
.. do..... 

urrb...... 

1 ~ u l l d o z e r  c u t . .  .... Sec 19, T 32 S. 
R 14 W.4  

See 11. T 33 S ,  
R 19 W . 4  

Secr 20, 21, 
T 12 5 ,  8 1 8  W.  

019.... ......... 
019 ............. 
e f i g u r e  23..... 

............... I None I Tuff bed. between r h y o l i t e  
flows. 

11. Apex 
Tungeten 
( 4  pa t en t  
claim.. 20 
unpatent 
claim.). 

12. B e l l  H i l l  
( 4  claim.). 

13. Blue 
(6  c l a i m ) .  

14. Blue Chalk 
(22 c la im#) .  

Metamorphosed sediments c u t  
by aeries of f a u l t s  near 
g r an i t e  and po rphy r i t i c  
in t rus ionn.  

Sha f t  and i nc l i ne  
with underground 
workings, sur face  
c u t s ,  and 1 8  
d r i l l  holea .  

..do ..... Sec 11. T 1 3  8 ,  I R 12W. 
P l a t - l y ing  bed8 a f  r h y o l i t e  

and r h y o l i t e  t u f f .  

Rhyol i te  brecc ia  plug. 
in t ruded i n  l imestone.  

Surface c u t s  m d  
d r i l l  holes .  

Bulldozer sur face  
E U ~ B .  

....... S i d e h i l l  c u t  

..do.. ... Sec 9 ,  T 1 3  9 .  I R 12W. 
.e ........ Rhyol i te  t u f f  between 

dolomite and r h y o l i t e .  

.. do..... Sec 35, T 12 S ,  
R 12 w. 

15. Clay Bank 
( 2  c l a i m ) .  

me ........ 

, C", 
Pb, Zn, 
AE. 

iC ........ 

1, Be..... 

Rhyoli te t u f f  exposed by 
f a u l t  i n  con t ac t  v i t h  
dolomite. 

P a l e ~ z o I c  l i ne s tone  
in t ruded by T e r t i a r y  
monronite, g r a n i t e ,  and 
d i o r i t c  (42). 

Opeline f l u o r i t e  nodules 
i n  c layey t u f f  between 
limestone and r h y o l i t e .  

Topaz-bearing r h y o l i t e  
plug. in t rude  t u f f a c e o w  
agglomerata. 

16. Demert 
Tungmten. 

.. do... .. Sess  32. 33, I T 11 S, R 5 W .  
Trenches. d r i l l  

holea ,  s h a f t s ,  
and i nc l i ne s .  

Surface  c u t  B....... ..do ..... 17. I*lgray Dell . . .  Sec 35, T 12 S, 
R 12 w. 

Tunnels, su r f ace  
c u t s ,  and 3 d r i l l  
holes .  

21, 0.50, 0.12, 
.11, 0.05, 0.06, 
.02, 0.02, 0.01,  
.01, 0.01. 0.01,  
.003, 1.20, 2.M 
.41. 0.97, 1.55,  
.30, and 10 no 1 

pect rogrephio  
a n a l y s i s  i nd i -  
c a t ed  presence 
of cs, Cb, and Rb. 

None ............... ..do.. ... Sec 23, T 12 S. 
R 12 W.  

19. Jeannie 
( 8  claim.). 

20. R0.d.id. 
( 5  c l a i m ) .  

21. Taurus 
(10 c l a i m ) .  

22. Trout Creek 
(6 pa t en t  
claims.  3 
unpatant  
claim,). 

23. Yellow Chief.. 

,. Pla t - l y ing  welded r h y o l i t e  I t u f f .  
................ 
02. 0.90, O . . . . .  

0. 2.43; 4.0.... 

50, 6.61, 0.80. 
.16. 

a,. . . . . . .  Rhyol i te  t u f f  between I dolomite and r h y o l i t e .  
.. do..... 

do..... .. I Bulldorcr sur face  
cute .  

Seem 5, 8, T 13  
S. R 12 W.  - 

Sec 32. T 12 S,  
R 12 w .  

............ do... ..................... do ......... I ' > I 
SF, W ,  
Zn. Be. 

Replacement Zone i n  l imestone s h a f t s ,  i n c l i n e # ,  
member of Prospect  Hount i in  aurfeoe cut* ,  and 
Q u a r t z i t e .  tunnel  with 

d r i f t s ,  r a i s e s ,  
and *topes.  

Rhyoli te tuff... . . . . . .  ........ Lsrge open p i t . . . . .  ..do.. ... Sec 35, T 12 S, 
R 12 w. 

m e .  

e l d  scanning 
ega t i v r .  

See foo tno t e r  a t  e 



24. King 
Kmganese . 

25. Cedar Hill . . .  

27. Eagle 
( 4  claim.). 

29. Old Joe...... 

31. Utah Bunker 
H i l l  
(26 claims). 

32. Vanguard 
Research 
(23.48 
square milee 

33. Iron King.... 

34. T i p  Top ...... 

... do..... Sees 5, 6. 7, 
8 , T 6 W , R 3 W .  

Cane.. .... 
... rooelel  

... do.. ... Ses 31, T 8 S ,  
R 11 U. 

Sec 2 ,  T 42 S ,  
R 3W. 

Sec 19,  T 8 5 ,  
R 12 w. 

... do ..... S e c  7, T 8 S, 
R 12 W. 

... do..... 

... do..... Secs 21. 22, 23. 
26, 27, 33, 
T 10  S ,  R 6 W. 

Se s s  2, 11, 
T 2 S , R 7 W .  

...... Utah S W f  .as 21. I T 10 S. R 2 W. 

- Obsidian f law f s p p d  by 
r h y o l i t e  t u f f .  

Mn ........ 
- 

........ Au 

Nodules s c a t t e r e d  i n  sha l e  
bed i n  sandstone.  

Welded r h y o l i t e  t u f f  and 
agglomerate.  

Carbonaceous ahalea and 
l imeatone.  

Hg. Au... 

Be, Au, 
AS. Pb, 
Zn. As, 
no. cu.  

tln, Zn... 

Mu, Zn... 

Hg ........ 

Rhyol i te ,  obaid lan ,  r h y o l i t e  
b r ecc i a ,  and r h y o l i t e  t u f f  
exposures. 

Dieeeminated be ry l  c r y s t a l s  
i n  g r an i t e .  

Breccia =one i n  Paleozoic 
l i ne s tone .  

Q u r t z  vein. i n  P a l e o ~ o i c  
limeatone in t ruded by 
$r)r.nodiorite. 

Cisrboniferoue aed iocn t s  =om- 
p lexly  blosk- and t h r u a t -  
f a u l t e d  near qua r t z  
wonzonite i n t r u s i o n  (31). 

Flrult  rrme. i n  l imestone 
and r h y o l i t e .  

Poul t  zone i n  l ime~ tone . . .  ... 

I .................. ....... ~- 

iucfafe c u t s  0 

i-rous and v a r i  
types mine 
workings. 

surface cut...... 

1 100-ft  s h a f t s ,  
150-f t  tunnel u i t t  
s t apes  t o  eurface, 
and open p i t .  

10 no BeO. 0.002... 

.03, 0 ,  0 ,  O... . . .  

r - f t  tunnel  ........ o,  o,  o, 0, o...... 

3 tunnels  and 0.02, 0.005, 0 ,  0 ,  
and w r f a c e  cu t s .  

Remarks 

i u r f a f e  c u t s  and 
o l d  mines. 

UTAH--Continued - 
1 

Type of  depos i t  R o p r t y  L m a t i o n  County 

I h r f t  and surface 
cute .  

Shaf t ,  t unne l s ,  and 
sur face  c u t s .  

Development P r i n f i p a l  
f-odity 

0 

0.005 .............. 

....... 
District T 52 N,  R 6 3  W .  
(22 c l a i m ) .  

BeO, percent 
Detector' I Chemieala 

assays determined wi th  t h e  l a b o r ~ t o r y  de t ec to r .  
aNumbcr of  samples and result of chcmice.1 annlymia. 
*Number. i n  parentheses  r e f e r  t o  numbers i n  the  p r e c e d i n ~  b ib l iography.  
bApproximste; unaurvsyed tawnahip. 
s I d e n t i f  i c a t i o n  uncer ta in .  
(JNev Mexico p r i n c i p a l  meridian.  A11 o t h e r  t a m s h i p  i n  Colorado r e f e r r e d  t o  s i x t h  p r i n c i p a l  meridian.  
' C o m ~ ~ s i t e  of 6 mnple.. 
*Campsite average of 21 .amplea. 
9 C o n ~ ~ s i t c  average of 7 .ample.. 

l°Comporite average of 10 sample.. 

Rcplacemenc depoei ta  i n  
Miss iss ippian  l imestone.  

Surface  c u t s ,  
s h a f t s ,  and 
tunnels .  

- 0.03 spect rographic  
a n a l y e i s  i nd i -  
c a t e d  presence of 
Be. Cs, Ga, L i ,  
and Rb. 



APPENDIX B. - AMLYSES OF DRILL HOLE CUTTINGS, 
BREADPAN AREA, GILA COUNTY, ARIZ. 

Sample in te rva l ,  
f e e t  

12-16 
16-18 
18-20 
20-24 
24-26 
26-30 
30-34 
34-36 
36-44 
44-46 
46-60 

I 
ILE 4 

60- 62 I 0.038 

Equivalent BeO, 
percent 

.21 

.068 

.73 

.05 

.073 

.10 

.06 

.01 

.035 

.085 

.039 
ILE 2 

.. .. 
70 -80 

ILE 6 
62- 64 I 0.04 

DRILL HOLE 1 

38- 56 
56- 58 

Sample in te rva l ,  
f e e t  

0-12 I 0.02 

0.011 
.095 

0.012 
14-18 '3 18-36 36-38 

DRILL 
50-60 I 0 

Equivalent BeO, 
percent 

60- 62 I 0.12 

0- 2 
2- 4 
4- 6 
6- 8 
8-18 

18-20 
20-24 
24-28 
28-34 
34-36 
36-38 
38-44 

0- 4 
4-12 

12-20 
20-22 
22-24 
24-40 
40-42 
42-52 
52-54 
54-58 

DRILL 
0 

.033 
-016 
-057 
.017 

0 
.031 
.004 
.032 
.007 
.032 
.016 

CWILL 
0 

.024 
0 

.02 
0 

-033 
-07 
.004 
.033 

0 



APPENDIX C. - ANALYSB OF SURFACE SAMPLES ON 
BREAD PAN 1, GILA COUNTP, A R E .  

Location Sample desc r ip t ion  

Trench exposure :1 
0 ft.......... 
8 ft.......... 

20 ft.......... 

110 ft.......... 
220 ft . . . . . . . . . .  

235 ft.......... 

242 ft.......... 

270 ft.......... 

P i t  exposure? - 
- 

.... North w a l l . .  
Eas t  wa l l  ....... 
South w a l l . .  .... 
West wall.... . . .  

l F i g u r e s  represent  

Edge of p i t .  ....................................... 
Limonitic s ta ined  s c h i s t  wi th  small 

fe ldspathoida l  seam. 
12-inch fe ldspathoida l  seam perpendicular 

t o  s t r i k e  of s c h i s t .  
S c h i s t  with s l i g h t  l imonite  stain.................. 
2-inch seam of fe ldspathoida l  a l t e r a t i o n  wi th  

s l i g h t  l imonite s t a i n i n g  i n  s c h i s t .  
15-inch seam of a l t e r e d  l imonite-stained s c h i s t  
with some fe ldspathoida l  a l t e r a t i o n  i n  t h e  
cen te r  of seam. 

18-inch seam of l imonite-stained a l t e r e d  s c h i s t  
with fe ldspar  and quartz i n  cen te r  of seam. 

27-inch seam of l imonite-stained s l i g h t l y  
fe ldspathoida l  s c h i s t .  

Cut t ings  from percussion d r i l l  hole 6 f e e t  
southwest of d r i l l  hole 1. 

16-inch v e i n l e t  oblique t o  f o l i a t i o n  i n  p i t  a t  
d r i l l  hole 1 (quar tz ,  garne t ,  f l uo r spa r ,  
tourmaline, and magnetite contained a l s o ) .  - 

- - - 
dis tances  north of p i t  a t  d r i l l  hole 1. 

= P i t  a t  d r i l l  hole 1. 




